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8:30 a.m)

CHAI RVAN  HALL: Good nor ni ng. Ve wll

reconvene thi
w tness M.

Aer odynam cs,

s board of inquiry and call

as our next

Jim Kerrigan, Principal Engineer of 737

Stability and Control, wth

t he Boei ng

Commercial Airplane Goup, Seattle, Washington.

Thank you for being here, M. Kerrigan.

(Wtness testinony continues on

page. |
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JAMES WLLIAM KERRI GAN
PRI NCl PAL ENG NEER, B-737

AERODYNAM CS STABILITY AND CONTROL

BOEI NG COWWERCI AL Al RPLANE COVPANY
Wher eupon,

JAMES WLLIAM KERRI GAN

was called for exam nation and, having been duly sworn,
was examned and testified as follows:

MR, SCHLEEDE: M. Kerrigan, please give us
your full name and business address.

THE W TNESS: My nanme is Janes W LIiam
Kerrigan, | work for the Boeing Conpany in Seattle,
Washi ngt on.

MR. SCHLEEDE: And your position at Boeing?

THE W TNESS: I'"'m a lead engineer in
aerodynam cs, stability and control, working primrily
on the 727 and 737 aircraft.

MR. SCHLEEDE: How | ong have you worked at
Boei ng?

THE W TNESS: I"ve been with Boeing just over
30 years.

MR. SCHLEEDE: Could you give us a brief

description of your education and background?

CAPI TAL H LL REPORTING | NC
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THE W TNESS: | graduated from the University
of Mnnesota with a bachelor of science in aeronautical
engi neering, worked one year at General Dynamcs before
| came to the Boeing Conpany. Wrked on the 737 for a
long time at the Boeing Conpany, since its original
certification.

MR. SCHLEEDE: And you participated in the

investigation of US. Ar 42772

THE W TNESS: Yes, | did
MR. SCHLEEDE: In what capacity?
THE W TNESS: As a lead engineer, | have had

about six to seven people working on that accident
since it occurred.

MR. SCHLEEDE: And you are assigned to the
aircraft performance group?

THE W TNESS: I am a nmenber of the
performance group, correct.

MR.  SCHLEEDE: Did you work on the United 585
i nvestigation?

THE W TNESS: Yes, sir, | worked on that
investigation during its course as well.

MR. SCHLEEDE: Thank you. M. Jacky wll

pr oceed.
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MR, JACKY: Thank you. Good norning, M.

Kerri gan.

THE W TNESS: Good norni ng.

MR. JACKY: M. Schleede alluded to vyour
participation wthin this investigation. Could you be

a little bit nmore specific in terms of what
acconplishnents you've provided during investigation?

THE W TNESS: Vell, nmy group particularly
works a lot on the sinulator. W' ve been a nenber of
the performance group. One of ny engineers went to
Washington, D.C. to help with the flight data recorder
reduction and getting that ready for, getting data
ready from the flight data recorder, recovering it. W
provide support in ternms of the simulator. W are the
group that originally produced the simulator for the
737. We have, we arranged the sinulator sessions and
bring the pilots and everybody into those sessions,
coordinate with the NISB and the other parties.

And we also have set up the flight test data,
or the flight testing that occurred in Atlantic Cty.
Any testing that's done is wusually coordinated by ny
gr oup.

MR, JACKY: Ckay. And what is the mandate of

the organization when vyou're not conducting accident

CAPI TAL H LL REPORTING | NC
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i nvestigations?

THE W TNESS: My group is titled at this
poi nt Product Support. W basically support the
product in the field, the 727, 737, 707. W deal a |ot
with the custoners, custoner support bases, any
incident that happens in the fleet would normally be
handled by my group if it involved stability and
control of the airplane. W also deal wth production
support, any problenms that occur in the production line
of the airplane that require our attention. That's the
primary functions.

MR JACKY: And in support of this
i nvestigation, has your group been doing readouts of
various FDR information that has been coming in?

THE W TNESS: Yes. Since the accident, of
course, there have been quite a few other events that
have been reported. There's been an increased
awareness of the 737 and reported problens with the
ai r pl ane. So there have been quite a few events where
flight data recorders have been pulled. And they
typically cone into Boeing through ny group as far as
getting the flight data recorder readouts.

MR JACKY: Thank you. Before we start

tal king about sone of the flight tests that have been

CAPI TAL H LL REPORTING | NC
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acconplished, | was wondering if you could give us a
brief description of the 737 engineering sinulator.

THE W TNESS: Ckay. The 737 sinulator is
originally generated from wind tunnel data and
anal ytical, enpirical data that we have generated over
the years on the various nodels. W | ook at the 737-
300 simulator, of course, it preceded, it was preceded
by two other nodels of the 737, the 100 and 200. So we
had a simulator docunment already in existence for those
ai r pl anes.

Qur approach to the 300 was to get into the
wind tunnel and look for differences between the two
ai r pl anes. And generally, that difference was then
applied to the 737-200 advanced simnul ator. That gave
us a real leg up on the way we would norrmally do it on
a new airplane.

That data then becomes our initial sinulator
docunent . The simulator is then conpared to the flight
test data that we take during preflight or precert and
certification testing. And we do updates to the
simul ator based on that flight test data.

In the case of the 737-300, | believe there
have been, in addition to the initial update to flight

test, there have been three revisions to that docunent
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since that tine. These are very substantial efforts on
our part. Basically an wupdate to the full sinmulator
requires about 12 people working for 9 nonths. So it's

like nine man years to update the docunent.

The sinmulator docunent is a rather
subst anti al docunent, about 800 pages in it. And the
update to that, from an aerodynamc standpoint, is a
rat her nassive |ob.

MR JACKY: You nmentioned providing updates
of the simulator nodel. What would pronpt you to do an
update of the nodel?

THE W TNESS: Well, the primary reason for
putting out a simulator, well, there are several
reasons. One is flight crew training. Anot her is for
evaluations of things |ike accidents and incidents.
And we would, if it cane to our attention that there
was an area in the simulator that was deficient, or
things did not work quite correctly in terns of pilot
expectations in the simulator, that it didn't fly Iike
the airplane or in a certain area was not, didn't have
the fidelity that we wanted, we would go in and update
it.

And also the simulator is held up to sone

rather rigid standards by the FAA sinulator branch.
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And those, the requirements over the past 10 years,
which is the period of time that this airplane' s been
in service, have becone quite a bit nore stringent.

And when they tighten their tolerances, we quite often
have to go in and revise the docunent to neet those

t ol er ances.

MR, JACKY: Wuld the FAA as a matter of
course require you to update it, or is it just whenever
there's an upgrade to the requirenents?

THE W TNESS: wll, if the rules have
changed, if the tolerances have tightened. They don't
mandate that we change it, but if we want to neet their
requirements and have a training simulator that is up
to the current FAA standards for flight sinmulators, we
woul d have to revise it.

MR, JACKY: And is it Boeing Conpany's
intention to have a sinmulator that neets that, the
current regul ati on?

THE W TNESS: Yes. Yes. There's a big
advantage in terns of flight crew training. It's
obviously much safer to train to sone of the unusual
maneuvers and engine outs and things in a simulator as
opposed to doing it on the airplane. Much cheaper and

saf er.
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MR, JACKY: You nentioned doing things on the
ai r pl ane. For the simulator nodel, is the entire
envel ope flight tested and then entered into the
simul ator docunent?

THE W TNESS: Wll, when you saythe entire
envel ope, we fly the airplane during certification and
precert and simulator testing from full stalls up to
the placards of the airplane. So we would fly it up to
the VFE, the placards at each flap down. VW fly it to
the dive placards flaps up. So in that regard we cover
t he whol e envel ope.

W don't necessarily do dangerous testing,
high angle of attack, high side slip at the sanme tine.

That's an area we don't cover. And that's obviously
an area that we got into in this current accident. So
there are areas where we can't fly or won't fly. But
we try to cover the entire envelope during that
testing.

MR, JACKY: There was sone talk yesterday
about dynamc input of the rudder. Wuld that qualify
as being, in your mnd, a dangerous flight activity?

THE W TNESS: W had never tested a dynamc
rudder input, to ny know edge, on the airplane prior to

our Atlantic Gty testing. And it wasn't that it was
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consi dered dangerous in that what we did at Atlantic
Cty would certainly have been an acceptable test. The
only reason it really hadn't been done is it never had
been required or asked for by anybody. It certainly is
a reasonable test the way we conducted it.

As was pointed out yesterday, a full rudder
input on the other hand is not sonmething that we wanted
to do on a customer's airplane. If we had thought of
doing that during our original certification on the
fully instrunented airplane, | don't think it would
have been a problem to do that maneuver.

MR, JACKY: But the maneuver isn't required
for certification of the airplane?

THE WTNESS: No. There is no requirenent to
do any kind of rudder step for certification.

MR, JACKY: Now, once you have a sinulator
nodel or sinulator docunent, how do you as engineers
utilize that information?

THE W TNESS: Wll, the sinulator docunment is
then turned into a simulation of the airplane. W have
conputer sinulators at this point in time where each
engi neer basically has a conputer on his desk that
allows a conplete sinulation on the airplane. W can

do a lot of background simulation work there.
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W also have the capability of attaching that

to a simulator cab, a sinulated airplane cab. In this
case, you've heard the M CAB nentioned. That's our
primary tool. It's a nultipurpose cab. W can

simulate any airplane, from the 707 to the 757, |
believe, in that cab.

And that allows us to work with pilots in the
| oop. And that has a conputer generated inage for a
vi sual scene. It has a notion base which is about
equivalent to what sone of the training sinulators are,
in terms of its throw It's not a large notion
simulator, it's fairly restricted. But it does have a
notion system on it.

MR, JACKY: And as you nentioned, the M CAB
simulator, that is the simulator that has been used for
the wake vortex nodeling and sinulator sessions so far?

THE W TNESS: Yes, that's correct.

MR, JACKY: Is then the simulator nodel or
the docunent, is that the information that goes to
individual carriers or operators as far as their flight
simulators are concerned?

THE W TNESS: Yes. W don't keep a separate
sinmulator nodel for the training purposes. W have one

si mul at or . It's generally used for engineering work

CAPI TAL H LL REPORTING | NC

(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2223

and for flight crew training. In the case of a

particular accident, such as this one, we may well go

into that sinmulator and try to increase the fidelity in

a certain area where we haven't enphasized it before.
And in fact, in this case, we did go into the

wind tunnel early in the investigation, with the 737-

300 nodel, and |ooked at sonme high angle of attack,

high side slip areas where we had not previously

t est ed. And that data has been incorporated into the

engineering simulator for the purposes of this

i nvesti gation. At this point, it hasn't been put into
a training sinmulator. It may eventually make it into
t hat . But to date, it hasn't been revised.

MR, JACKY: And earlier, when we were talking
about the flight envelope and expressing that in the
simulator, is there testing conducted at all flap
settings?

THE W TNESS: Flight testing?

MR JACKY: And then put into the simulator?

THE W TNESS: Yes. Flight testing, we do

sone nmaneuvers at every flap setting. Stalls in
particular are done, | think, at every flap setting
that exists on the airplane. O her data may not be
done at each flap setting. For exanple, we have three
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t akeoff settings on the 300 flaps, 1, 5 and 15. And we
m ght not do everything at all three of those. W
woul d probably do flaps 1, 15 and then pick a |anding
flap to do our flight testing at. And then interpolate
bet ween those.

MR, JACKY: Wuld you say that you have as
much flight testing support as you would like for
putting together the simulator docunent?

THE W TNESS: VWll, |I'm an engineer. W
never get too nmuch flight test data. I'd dearly |ove
to have nore.

But we do have a sufficient ambunt to do the
job that we have to do.

MR,  JACKY: Ckay, thank you.

I"'d like to get in and start talking about
the simulator calibration flight test that was talked
about yesterday. I was wondering if you mght be able
to describe the objectives that were held for that
test.

THE W TNESS: Ckay. The sinul ator
verification test, which has been, was a part of our
original performance group desires, or test plan, was
primarily put into obtain nore data at the flaps 190

knot condition than we previously had. W did have
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sonme data at that flight condition. But obviously, not
nearly as much as we picked up in Atlantic Cty. W
did a variety of maneuvers, sone of which had never
been done in the airplane before.

The primary maneuvers that we did were roll
rate maneuvers, where we put a wheel at different
settings, one-third, half, full wheel, rudder Kkicks, up
to three-quarters of the rudder available, steady side
slips, we did them at a couple of different speeds. W
did sonme cross control where we put a rudder in one
direction and wheel it in the other direction at the
same tine dynamcally.

W also did sonme conbined control maneuvers
where we put the rudder and wheel in at the sane
direction at the sane tine. W did that, | think, up
to half wheel and half rudder. The conbined rudder and
wheel at the sanme tinme would becone a very dynamic, it
woul d exceed the roll rates that we'd like to see on
t he airplane.

MR JACKY: Ckay. And could you briefly talk
about the type of data sets that were collected during
these test?

THE W TNESS: In terns of paraneters?
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MR JACKY: Yes.

THE W TNESS: W instrunented the US Ar
737 that we used in the testing beyond what normally
would be on that airplane for its required
certification Dbasis. W added, in particular, we nmade
sure that we had both rudder pedal and rudder position
colum and elevator, which were already, the colum was
already on the airplane. W added elevator. And wheel
and aileron were both instrunented.

W put a side slip pressure neasurenment on
the airplane so we could get a neasure of the side slip
angl e. It already had vane angle and the pitch roll
and yaw were avail able. W put a special flight data
recorder on the airplane which allowed us to neasure
the paraneters nore rapidly or nore often than we
normal |y woul d. W have a special FDR that Boeing had
purchased for that test that allowed us to neasure
those things nore often.

W also brought what's called a PAD system
and |'m not sure what the acronym stands for, but it's
kind of a carry-on instrunmentation package, which
allowed us to neasure the paraneters even nore often,
up to like 23 times a second, and allowed us to pick up

the roll rates and yaw rates, as well as the actual
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position of the airplane. And those two systens
together gave us sone redundancy. If we had problens
with either one, we would still be able to recover data
from the flight test.

MR JACKY: And were there any changes nade
to the CDR systen?

THE W TNESS: The CDR -- |I'm not terribly
famliar with what was done there. M. Cash did have,
| believe, a separate recording device in addition to
the normal cockpit voice recorder on the airplane, so
that they could record the entire flight. Wereas the
normal cockpit voice recorder only picks up 30 mnutes,
our tests, of course, our flights were substantially
| onger than that.

MR JACKY: And how many flights were
attenpted for this phase of the flight test?

THE W TNESS: W really tested only tw for
the simulator verification. Both were conducted in
Seattle. W did just two tests.

MR JACKY: And during those two flights, how
many test conditions were attenpted, approximtely?

THE W TNESS: | believe we picked up
sonething over 100 conditions, counting the side slips

as separate conditions.
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MR JACKY: Ckay. And at | east
prelimnarily, could you say that the objectives were
net? Did you collect the data that you were | ooking
for?

THE W TNESS: Yes. W did have, we didn't

have any problens with the testing or with the data

col l ection. I think we have a pretty conplete set of
data that we wll be analyzing over the next several
nont hs.

MR, JACKY: Ckay. Thank you. I'd like to

turn to the wake vortex portion of the flight test now
And if you could briefly describe for us what the
objectives of that flight test was.

THE W TNESS: Ckay. The testing that was
done in the, with the wake, the primary objective was
to obtain data that we could use in a simulator to
calculate the position of the 737 relative to the wake
in the US Ar accident. The way we have introduced
the wake into our simulator nodel required first that
we make a, produce a wake nodel, a mathematical nodel
of the wake that we could put into our simulators.

And also, sinmulators typically, at Boeing, at
any rate, are point nmass sinulators. So the sinulation

deals only with the center of gravity of the airplane
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and calculates all the forces and nonents about that
poi nt . In order to make the wake affect the airplane
as it approached a wing, for exanple, we had to put
together what we call a distributed lift nodel. W cut
the wing into small slices, calculate the effects of
the wake on the small slice, wherever it exists on the
airplane, and then calculate the effect back at the
center of gravity.

That nodel was put together for this accident
i nvesti gati on. And basically, we haven't had any data
to verify that nodel. W also don't really have any
data to verify the wake nodel prior to this Atlantic
Cty test. So that was the primary purpose of that
test, was to obtain data to support the verification of
those two nodels. And the reason we want that data is,
again, to go back to the US Ar 427 accident flight
data recorder, and to try to determne from that data
nore precisely what happened to the flight controls
during the course of that event.

One other objective, obviously, we did have a
ot of CVR equipnent on board, cockpit voice recorder
And the thought was that we mght be able to find
identify some of the thunps and bunps from the 427 CVR

and identify those.
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MR, JACKY: Now, you nentioned using the
information to further define what the cockpit controls
were doing during the 427 accident seguence. Woul d
that be by the use of the kinematic study?

THE WTNESS That's correct, yes. W  woul d
use the kinematics of the airplane. W already have
done that to define the notion of the airplane during
the accident. And one step in that was to calculate
the aerodynamic coefficients of the airplane in the
presence of the wake. And that required that we |ocate
the airplane relative to the wake.

And we do that with radar data, is the first
st ep. But radar data is quite inprecise. It doesn't
get you within the kind of precision that you need to
really identify this. So this data will give us the
preci sion. W had video caneras, as was nmentioned
yesterday, on the test airplane. W can |locate very
precisely the airplane relative to the wake.

You saw sone video yesterday with the wake
over different parts of the wing. And that wll be
our, one of our primry tasks, wll be to go through
that video data and precisely |locate where the airplane
is relative to the wake as we go through a test

seqguence. And with the extracted aerodynamc
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coefficients out of that data, we'll be able to tell
what the effect is as the wake transverses across the
wing of the airplane or the vertical, whatever.

MR JACKY: Ckay. W' ve talked about the
data collection on the 737. I"m wondering if you could
describe for us sone of the other sources of data that
were available during the flight test in Atlantic Gty.

THE W TNESS: The other sources of data?

MR, JACKY: Yes, as far as weather, or --

THE WTNESS: OCh, okay. Yes, we did use, as
again was nentioned yesterday with the airplanes that
were involved included the OVv-10 from NASA It was,
one of its prine objectives in the test to gather
weat her data for us, as well as to transverse the wake,
and give us information relative to the shape of the
wake and the velocity distribution through the wake.

In addition, we needed weather data in order
to correlate with the Pittsburgh accident. And t hat
was primarily to be obtained through weather balloons.
There are several weather balloons that are used in the
area for soundings. Unfortunately, the one at the
Atlantic City airport closed down two weeks before we
started testing, unbeknownst to us. But we did obtain

data from the area that we wll use to try and
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determne how simlar the atnospheric conditions were.

MR, JACKY: And what about on the 727, the
vortex generating airplane?

THE W TNESS: W did have a flight data
recorder set up on that airplane, or | guess they also
had sonme separate instrunmentation. And we wll, we
have received from that airplane the paraneters that
they recorded, so that we can identify speed and what-
not of the |ead airplane.

MR JACKY: During the testing in Atlantic
City, approximately how nmany flights were attenpted,
and during the flights, how many, well, let ne ask you
how many flights were attenpted?

THE W TNESS: | believe there were eight
flights attenpted at Atlantic Gty. I think one was
aborted for weather wthout getting any data. And at
| east one other we felt was not, there was no
wort hwhile data because of the weather, even though
they took data. One other flight was specifically for
the cockpit voice recorder with no caneras or data
recorder from an aerodynam c standpoint. So basically
I think it left six tests from which we thought we

could possibly get reasonable data.

CAPI TAL H LL REPORTING | NC

(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2233

MR JACKY: And out of these six remaining
flights done, how many do you feel that you received
reasonable data or good data fron?

THE W TNESS: W took a total of 150 or
about, a little over 150 test conditions that we felt,
well, of that we felt about 120 were reasonable that we
will actually reduce the data from

MR JACKY: Ckay. You' ve brought along a
vi deotape for us today. I was wondering if you need to
set that up for us.

THE W TNESS: Yes.

MR JACKY: Is that ready to go? Do we need
to dim the lights? Pl ease.

THE W TNESS: W have just a half dozen or so
conditions here that we wll view

(Vi deot ape pl ayed.)

THE W TNESS: The first condition that we're
going to look at here is just the airplane flying. And
this is the way we collected data that will be npst
useful in reducing the data. This is three mles
behind the airplane, the lead airplane. And the pilots
are just putting the left wing in the right wake of the
727, and just trying to hold it there. You see we have

an inset showing what the flight crew is doing to the
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controls to hold the airplane in the wake.

And it was possible to fly in the wake wth
the wing tip or even the body centered in the wake,
even though it took up to full control capability of
the 737 to do that.

There is sound, but there isn't anything
other than cockpit pilots discussion.

Second one is another condition that we did
in, frequently, and that was to put the vertical tail
in the right wake, or in one of the wakes, in this case
the right wake. And that wll give us the information
that we need to determine what the aerodynamc effects
of the vertical are. The canera gets a little fuzzy
here as the wake hits the center canera. W get oil on
the lens and it becones difficult to see.

As he gets nore and nore into it, closer and
closer to the body, it takes nore and nore wheel to
hold the airplane into the wake.

This is also three mles behind the |ead
ai r pl ane.

Many of these conditions lasted for several
m nut es. W were able to hold the airplane into the
wake for a long period of tine. And we should be able

to extract from that sone very good aerodynam c data.
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MR, JACKY: Were these conditions repeated
daily or at different distances and tinme, the 7277

THE W TNESS: W flew a set of data at, on
different flights. W tried to repeat the same things
again and again in each flight to get nore and nore
dat a. This is just a crossing intercept. And now they
have an inset of the airplane flying through the wake.

The glare there is, that was a T33 that was used as a

chase plane to photograph and inform the airplane of
what was going on. They are photographing through the
top of the cockpit, so they do get a glare on occasion.

There's another <crossing intercept from
bel ow. In the last case, in this one, it's a free
response. There is no attenpt from the pilots to try
and control the airplane once it enters the wake.

And that wasn't a particularly hard hit into

t he wake. There wasn't much bank angle that occurred
that tine. And it hit, it's very sensitive to how you
approach the wake. If you hit it just right, you hit a
very large input. If you just glance off it, and

glance from particularly from the left to the right,
then you get a very mnor upset.
You see the wake is not, as M. Carriker

pointed out, is not just a rope in the sky. It noves
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around quite a bit.

This is one of the nore interesting ones, in
that it got a pretty fair bank angle that occurred as
he went through the wake. And that's primarily, it's a
descendi ng wake. And as he gets close, you'll see that
the wake actually levels out a little bit due to the
atnospheric conditions, and that as the airplane enters
the wake, there's a flat spot. It's alnmost like flying
into the end of a wake. And he stays in it |onger
because it is flat there, and gets one of the nore
dramatic encounters. He went up to a little over 60
degrees of bank. I was sitting behind the pilot during
that event.

That's all there is.

MR, JACKY: Do you have any observations
about the behavior or characteristics of the wake?

THE W TNESS: Wll, again, as was stated
yesterday, the wake does nove around a fair anount. W
are still reducing data from the wake. | believe that
the wake probably was closer together than we
originally estimated. There are sonme rules of thunb
that they used, that typically the wakes are about 80
percent of the span of the lead airplane apart as they

go on back. I think they were a little closer together
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than that in this case.
W originally thought from the testing, sone

prelimnary testing in Seattle, that they were quite

close together, | think it was reported 40 feet. |
don't think that's accurate. I think it's closer to
70, probably. But we have sone very good data both

from the chase plane and from the vertical tail canera
that nost of those pictures were taken from that wll
allow us to determne the distance between the wakes
for the various distances behind the airplane.

MR JACKY: There was a lot of talk yesterday
about the nmaxi mum anount of banking, upset or change
that was seen while flying through the wake. 1In
processing the data, would you have any assessnment as
far as what those nmaxi num angles mght be?

THE W TNESS: Well, certainly we from the
data can determne what the bank angles were that we
got to. I don't think that's particularly significant.
The purpose here of doing the free responses through
the wake was primarily to take out the aerodynamc
effects of the controls. W wanted a free response
through the wake so that we could get a good
calculation of the aerodynamcs of the airplane and the

wake conbined w thout the controls being applied.
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As M. Carriker pointed out, we chastised him
on occasion for wusing the rudder when we didn't want
t he rudder used. W wanted to have the pure
aerodynam c effects. And that's the inportant part.
W will be able to extract from these flight conditions
the aerodynamc effect, coefficient of rolling nonent,
that we find as we go through these different wakes.

W do find in some prelimnary work that
there doesn't appear to be a lot of difference between

two mles and four mles in ternms of the peak rolling

nonents that we're seeing. The shape of the rolling
noment versus time may well be different. And that may
affect how nmuch of a roll inpulse the airplane is going
to receive out of that wake. But the peaks seem to be

pretty consistent.

It's also, of course, very apparent that if
you fly through the mddle of the wake, you're going to
get a much larger input that if you just glance off the
side of it.

And it was stated yesterday that the, as you
fly into the wake, you tend to get spit out of the
wake. I think that's a bit of a msconception. What
really happens is, once the airplane banks 30 degrees,

40 degrees, suddenly the lift vector of the airplane is
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pointed out of the wake to the side.

It was stated yesterday, if you fly directly
into the wake and just stay there, you can stay there.
If it's trying to push you up and out, you know,
that's easily controll ed. But the characteristic of
the airplane as it banks right or left, it puts a big
l[ift vector to the side. And that's really what pulls
you out of the wake.

MR JACKY: Ckay. You nentioned processing
t he dat a. I was wondering if you could step us through
sonme of the data processing that you acconplished while
in Atlantic Gty.

THE W TNESS: Ckay. W knew that we would
like to have in Atlantic Cty as nmuch information as we
could relative to making sure that we had good data.

It was a very tight test program And we wanted to be
certain that we were going to get good data and
sonething that we could work wth,

W did set up a conputer wing that involved
sonme pretty high tech conputer equipnent, nuch of which
I know very little about. But ny people were able to
take a flight data recorder off the airplane, plug it
into a device, | believe on the airplane, and downl oad

it into a cassette. W had basically a ground station
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set up at the, in the offices at Atlantic Cty.

W take that tape, put it into this conputer
and get it into our ring and actually plot the data on
line wthin about two hours after the flight, and also
do the aerodynamic extraction of data at that point and
calculate what the rolling nonments, what we were
seei ng. Just nmainly to ensure that we were able to
assure ourselves that we had reasonable data.

MR, JACKY: Ckay. And since you' ve returned
to Seattle from Atlantic Cty, if you could step us
t hrough, please, what procedures you ve been doing to
process the data there.

THE W TNESS: Ckay. The data as it cones
out, either the flight data recorder or out of our PAD
system needs to be |ooked at. W do have data spikes
that occur, electronic anonalies that occur. VW cl ean
all that up. W go through sone conditioning where we
ook at the position errors that are known to be on air
speed and altitude. Those are corrected so we get down
to the real air speed of the airplane.

W have side slip pressures that are
measur ed. W have to calibrate the delta pressure that
we're neasuring from right to left to get a side slip

angl e. W have vane angle, which gets turned into
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actual wing angle attack. And we're pretty well

t hrough that process. W have of course docunented and
it is an exhibit, | believe, or some of the data is an
exhibit from the flight test. That's -- and we're
pretty well through that part of things at this point,
ready to start with the extraction and conparison of
the data to our sinulator.

MR JACKY: And | guess the next question
would be, as far as where you are right now, in terns
of the --

THE W TNESS: Wat we're doing at this point
in time is primarily working with the sinmulator data to
make sure that our simulation, basic simulation, is
okay. W' ve taken perhaps 20 percent of the conditions
that were flown and conpared them directly to our
simulator in sonmething we call a proof of maps concept.
W take the control inputs that were applied to the
airplane, put those into our sinulation, and conpare
the output of our sinulator to the actual naneuver that
the airplane was forced through by those sane control
i nput s.

W do have sone foils. And these, | believe,
are taken out of exhibit -- did |I have an exhibit

nunber on that or not? Thirteen X-R Put up foil 18.
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CHAl RVAN  HALL: This is Exhibit 13X-R What
page?

THE W TNESS: Page 18, it's the first one.

CHAl RVAN  HALL: Thank you.

(Slide shown.)

THE W TNESS: There's a lot of information
here, but to pass you through it very quickly, this was
a maneuver that again, a bit of a maneuver that we
hadn't flown before. It was one that Les Berven wanted
us to add to our test plan. It starts off with a
steady side slip at the far |left.

At the far left side of the screen, we're in
a steady side slip. W have basically put rudder in,
we' ve got about 20 degrees of rudder. Let me run
through the paranmeters just real quick here. The top
is wheel angle, the pilot's putting in aileron, rudder
pedal, rudder, bank angle of the airplane, the roll
rate of the airplane, heading, yaw rate and side slip,
and lateral acceleration in gees. Most of it's up on
t op.

At this point, we put full rudder pedal in.
W're getting basically full rudder. And this is the
190 knot case. It took, for this case, which is a side

slip to the left, pretty nearly full wheel. Not quite,
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but very close to full wheel, and that is basically the
crossover point that was discussed yesterday.

At that point, the wheel was released. And
gradually then the rudder was also taken out. And what
we're doing is we're driving the rudder on the
simulator and the wheel on the sinmulator to try, and
then conparing the roll rate and what-not to see how
closely they natch. And that match is not perfect,
obvi ously. W have about 3 degrees per second roll
rate less on the sinmulator than what we had in the
ai rpl ane.

And if you look up in that area, the
simulator and the flight test airplane have a snall
di screpancy in terns of the amount of wheel it took to
counter that anount of rudder.

Wy don't you go to the next one, Rick. |
believe it's page 20.

(Slide shown.)

THE W TNESS: This one is just a side slip in
the other direction. In this case, we're doing the
sane thing. And it's pretty simlar. It did take a
fair amount |less wheel in this side slip as the full --

CHAl RVAN  HALL: Is this the next page, M.

Kerri gan?
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THE W TNESS: It's page 20.

CHAl RVAN  HALL: Page 20.

THE W TNESS: It took a fair anount |ess
wheel in this direction, and that was nentioned
yesterday, that the airplane, or side slip right and
left showed slightly different characteristics. But
the dynamc match of the data, as we flew through the
maneuver, s pretty reasonable. And that's what we'll
be |ooking for.

Wiy don't you go on to the next one, R ck,
which would be page 10.

(Slide shown.)

THE W TNESS: In this case, this is 170
knot s. And in this case, you can see that the
simulator and the airplane show a fair anount of
difference in terns of the steady side slip that was
encount er ed.

On the other hand, the dynamics |ook pretty
good once you release the wheel. This may indicate
that we have sone work to do on the sinulator. And
that's a decision that will be nade once we do a fair
anmount nore of this kind of conparison. W'l need to
get the performance group together and decide whether

we want to do an update to the simulation or whether we
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Rick, go to page 28.

(Slide shown.)

224¢t

THE W TNESS: This nmaneuver, this mnmaneuver is

-- okay. This maneuver is a rudder

was flown by putting an anmount of r

holding the pedals fixed as the ai

st ep. Basi
udder trim i

rplane was t

early on here. So we have rudder trim in that

pilot's holding the pedals centered

t he pedal s,

and that puts a fairly

, and then

cally it
n,

ri mmed

t he

rel easi ng

rapid rudder input

into the system This is the condition where we didn't

want to go beyond the three-quarter

avai l abl e at

that point.

And again, you can see th

of the rud

der

at roll rate and

bank angle don't match exactly. And that's sonething

that we may want to | ook at.

Ckay, Rick, why don't you go to thensdt

sli de. I

don't know what the nunber is. Nunber 42.

(Slide shown.)

THE W TNESS: Ckay, this

response at

is a full wheel

170 knots. Here we were trimed up at this

poi nt . And basically the pilot put

t he airplane.

conmes out

at

And as you can see,

that particular flight
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21 degrees per second, which is fairly snappy. In this
case, the sinmulator is over-predicting just a bit. And
what we saw in the other case is that it was under-
predicting just a bit. And that's again, we would be
wanting to look at a nunber of these to determne

whet her there's something there that we need to account
for.

| think that was all of the matching, is that
right, R ck? Put it up there for just a second.

(Slide shown.)

THE WTNESS: No, we'll wait with that one.

At this point, we are continuing the effort
to try and nake these conparisons. W wll be probably
doing that for the next several nonths until we are
satisfied that we can identify how well the sinmulator
mat ches. W need to make a decision as to whether we
want to go ahead and update our basic sinmulator nodel
or whether it's sufficient.

MR, JACKY: If the decision is made, if the
decision is made to change the simulator nodel, what
would be involved in doing that?

THE W TNESS: VWll, it's a very tine-
consumng exercise, as | nmentioned, to do a full

simul ator update would be on the order of 12 man
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nonths, or 9, yes, 9 nan years. W would be |ooking at
perhaps four man nonths to do this snmall portion of it.
So it obviously wll inmpact the schedule, depending on
that decision that we reach.

MR, JACKY: And approximately when do you
believe that that decision would be nmade or would be
ready to be nade?

THE W TNESS: I would estimate that we would
have enough data by the end of the year to make the
decision as to whether we need to go ahead and do the
update or not. I would hope that we could get
together, the performance group, sonetine in Decenber,
md to late Decenber, to nake that decision.

MR, JACKY: And from the wake vortex test,
have you nmade any sort of assessnent as to the validity
of the simulation of the vortices so far?

THE W TNESS: We're working on that. And
yes, we have done some conparison work. That's a nuch
nore difficult task. Trying to fly the sinulator
through the exact sanme path as the airplane flew
requires that we get into the video data that we took
on the airplane. There's a considerable anobunt of work
i nvol ved. I do have a couple of sanples of what we're

getting out right now
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Go ahead and put the next slide up, Rick.
That's page 46 in the exhibit, same exhibit.

(Slide shown.)

THE W TNESS: This is a through a wake. It
was a crossing wake with about a 2 degree intercept
with the wake. And we're about three mles behind the
727. W put a sinulator wake strength of about 1400
feet square per second. Their cores were estinmated to
be about 70 feet apart at this point, based from video
footage and about a 4 foot dianeter on the wake is
again what cane from the video.

W estimated a path from the video, and ['lI
show you in a mnute roughly how those canme together.
This shows that the trends are typically there, but
obvi ously, sonething isn't lined up quite right,
whether it's a nodel difficulty or just that we're not
gquite in sync with the wake. W don't know at this
poi nt .

There are sone -- put that up a bit, nove it
up so we can see the bottom One of the things that we
see in the wake that's very apparent, if you |ook at
the side slip, that angle there, you see a very sharp
break in the flight test data, and another break over

her e. And that's as the airplane, the nose of the
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airplane, which is where the side slip is neasured as
you go through the wake, the side slip really isn't
changi ng. But that's a local effect on the nose of the
ai rpl ane. And you see a fairly sharp novenent in the
side slip angle.

Wiy don't you put the next slide up, Rick,
real quick.

(Slide shown.)

THE W TNESS: The next one shows, page 47
shows the |ongitudinal axis. And that's pretty, not
too much to see except again -- why don't you nove it
up, slide it way up, Rick. Again, you can see the vane
angle of attack being influenced by the wake |ocally,
being shoved down rather dramatically. And then this
is the point at which the airplane conmes out of the
wake again. Now, that's an effect that we're not
trying to sinulate, because it isn't inportant to the
aer odynami cs. But it's very, it's another indication
that you have noved through a wake.

Go ahead to the next slide, Rick, 48.

(Slide shown.)

THE W TNESS: This just shows the kind of
thing that we get into when we're trying to match this.

It shows the path of the right wing tip and the |eft
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wing tip of the airplane. This is the simulator as
we're matching it, and then also the dashed lines are
the wake, the position of the wake as we think it

exi sts. W're flying through it on a fairly shallow
i ntercept path. And the tines there are basically so
we can conpare it to the next slide, which shows what
we're getting out of the flight test.

Just put the next one up for a second.

(Slide shown.)

THE W TNESS: That's 49, | believe.

This shows the points here were actually
measured from the video, to show where we think the
airplane, or where the wake was, as the airplane flew
by. And then the position of the wing tips, again,
from the aircraft.

And trying to get the simulator to fly that
exact sane path, if the nodel isn't perfect, the
simulator will try to fly off to the side, right or
left or above or below And that's the difficulty in
trying to match this kind of data. And we're working
real hard on trying to sort that out.

Go ahead to the next.

(Slide shown.)
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THE W TNESS: This is 51. This is the one
that we showed in the video. You see that the bank
angle got to about 64 degrees during that maneuver.
The simulator actually does a fairly, fairly decent job
of getting to the sane angle. The rates in the
simulator are slightly higher than the rates on the
ai rpl ane. You can see, as they talked about, they're
putting wheel in as they enter the wake.

And then as they get to the wake, they put
their hands up, as John Cox said yesterday. And they
just let it be hands off wuntil they start the recovery.

And in this case, the airplane, as you can see, pretty

well started its recovery by itself. The pilots didn't
try to intercede until they were back to about 45
degrees of bank. So the airplane just naturally has

sone tendency to recover.

Just slide that up. Again you can see the
side slip takes a very sharp break there as you go
t hrough the wake.

Ckay, g0 ahead to the next slide.

(Slide shown.)

THE W TNESS: This is nunber 50, | believe.
And the only thing I wanted to show here is that there

is a very sharp break apparent in the flight test air
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speed indicator. And again, slide it up, R ck, as you
go through the wake, you get a very sharp spike in the
| ocal angle of attack. And that actually took the vane
up to where the stick shaker fired, | believe, on that
one. W see sone very sharp local changes to flow
angles which wll actually cause the stick shaker to
fire.

That's fine.

MR JACKY: Thank you

So as of right now, do you believe that there
will be sone fine tuning of the simulator nodel?

THE W TNESS: I think that it's very likely
that the simulator nodel may not have to be updated.

The wake nodel may or nay not. That's going to depend
on the NASA data that we receive, as to whether we
think we have to do sonething with that.

The distributed Iift nodel is, if we want to
get into the probabilities, | think, certainly isn't
extrenely renote. It's very probable that we wll have
to do sonething with that. This is the first time that
we've had flight test data that we can actually conpare
to that nodel and neke sure that we have sonething that

we believe.
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W also, in discussing wth the gentleman
from NASA who spoke yesterday, they've done sonme work
with their 737-100, where they have been in the wnd
tunnel with wakes in the 737-100 nodel. Actual ly have
done tailoff testing. So we should be able to get sone
of that data from them And that could be very useful
in helping us identify the parts of the nbdel that
aren't giving us a correct response.

MR JACKY: So to that extent, do you believe
that the flight tests were worthwhile?

THE WTNESS: Onh, vyes, definitely. The data

that we've taken on this testing |I think is unique in
the world. I don't think NASA's done any of this

previ ously. If nothing else, | think there wll
probably be sone doctorate theses that wll be witten
across the country since this data is, | believe,
basically available to the public. | think there wll

be a ot of work done with this data over the years.
MR JACKY: Thank you. There was sone
di scussion yesterday --
CHAI RVAN HALL: M. Jacky, are we through
where we can get sone lights now?

MR JACKY: Yes.
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CHAI RVAN  HALL: And could we please get the
cold air turned off up here? 1've tried three tines.
I"'m going to make a public plea this tine.

(Laughter.)

CHAl RVAN  HALL: Sorry, Tom but | don't want
to leave here with the flu.

MR, JACKY: Thank you. There was --
yesterday there was sone discussion regarding the
apparent 2 degree difference in the rudder angle
nmeasured between the airplane used on the flight test
and the sanme ruder that would be expected in the
engi neering sinulator. I was wondering if you m ght
give us a snmall explanation about that, please.

THE W TNESS: Ckay. Yes, basically during
the initial testing of the airplane, we do a certain
amount of testing where we take the rudder out to blow
down. W don't spend a lot of time gathering that
dat a. But a blowdown nodel is put together.
Actually, the way it goes into the simulator is as
hi nge nonments on the rudder. That data is, initially
comes again from the wnd tunnel. It's conpared to
flight test data where flight test data is available.

And we don't always have a lot of data to support it.
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W' ve gone back and |ooked at the data, the
bl ow-down data in particular that was used to calculate
the hinge nonents. And included in that, the blow down
from this particular airplane. And it revised the
hi nge nonment data to reflect that, and it put that into
the simulator.

It may have been a hole in our data in the
past where we didn't have anything at this specific

flight condition and rudder angle, side slip angle. W

still had sone work to do on that. Right now, we've
put hinge nonent data in that will nmatch what we saw in
Atlantic City. That may not be the final answer. |

don't know whether this airplane is a bit wunusual or,
in regard to blowdown, or whether that's consistent
with past data. W have a fair anmount of data to | ook
at yet before we'll know that for certain.

MR, JACKY: So there's a possibility this
just may be one unique airplane?

THE W TNESS: It's possible. Wen we get
into the kinematic discussion, during that, what we
extracted from the accident airplane actually showed,
we were predicting a rudder required that was on the
order of 21 degrees. And actually, this data tends to

support that Ievel of rudder available on the airplane.
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Qur sinulator was showing nore like 18 degrees, 19
degrees at that point. So this actually falls in line
with the data that we discussed back in My, during one
of the all party nmeetings.

MR JACKY: Ckay.

THE W TNESS: So it tends to confirm the
analysis that was done kinematically on the accident.

MR, JACKY: Wuld it then, could you neke the
assessment that it would give you nore confidence in

the kinematic data?

THE W TNESS: Wll, it may give other people
nore confidence in the kinematics. I think we already
had a fair anount of confidence in it. But, vyes.

MR, JACKY: Have you nade any sort of
assessnent as to whether or not this 2 degree rudder
difference may be applicable to other series nodels of
the 7377

THE W TNESS: Well, it certainly will be
applicable to the 300, 400, 500 airplanes which are all
basically identical in terms of the aft body and the
vertical tail. The 737-100 and 200 is a separate
sinulation totally. There are differences between the
airplanes and the aft body area. And of course, the

calculation and prediction of the hinge nonment data
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from flight test data was done totally as a separate
effort.

So I don't think that there's going to be
necessarily any carryover between the 737-300, 400, 500
and the 737-100 and 200. That's sonething that we can
| ook at. But there's -- like I say, it's an
i ndependent effort to identify those hinge nonents.

MR JACKY: And there was sone talk yesterday
regarding the crossover point, in regards to |ateral
stability. Wiat if any difference would there be in
that crossover point due to an increase in the rudder
angl e?

THE W TNESS: Well, as was pointed out
yesterday, | think in the sinmulator they felt that the
crossover point was sonewhat |ower than what they saw
in flight. It's curious that in doing a full rudder
side slip right and a full rudder side slip left that
there was, | think on the order of 10 knots difference
in that crossover point.

I"'m not sure that that's terribly
significant. Crossover point is not a cliff. Not hi ng
much happens in terns of sudden roll rates. If you're
at a condition where you have full rudder and full

wheel in, slightly above that speed you get a very slow
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bal ance standpoint, you are at a point where the

|lateral control balances the rudder.

I know we're concerned, discussed a |ot of,

in the past couple days, of rudder hardovers being

difficult to control if the lateral control can't

overpower it. On the other hand, below that speed,

you have a rudder hardover, it can be a difficulty.

you're above that speed, and have a lateral control

hardover, you don't have enough rudder to overpower

t hat .
So it's a balance that is there on the
ai rpl ane. The two are pretty much bal anced, the
|ateral to the directional control. There is certainly

no way to nake them bal ance throughout the flight

envel ope, so that one can always handle a hardover on
the other axis.

MR JACKY: I"'m going to ask you to turn to
Exhi bit 13X-P. And the exhibit doesn't have page
nunbers on it, but it's the last page of the exhibit
that I'm wishing to refer you to.

THE W TNESS: Ckay, | have it.
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MR JACKY: Ckay. I was wondering if you
could explain this chart to us, please.

THE W TNESS: Ckay, we do have a foil of it
| believe, Rick. That shows up really well. W nmay
have to dim the lights, though, for anybody to see it

(Slide shown.)

THE W TNESS: This is a conparison across the
Boeing fleet of twin engine airplanes. It shows the
737-200, 300, 757, 767, 767ER and the 777. This is
just a conparison across airplane lines at 1.25 OEW and
at the aft center gravity of the airplane.

MR, JACKY: What is OEW please?

THE W TNESS: Yes, that's the operating enpty
wei ght . Basically, this is a fairly |ightweight
airplane, in the, which would be not untypical of a
| andi ng approach situation. And it shows that at this
condition, which is somewhat lighter than the test
airplane in Atlantic CGty, that the nmargins that the
various airplanes have is not a lot different. The
737-300 at this point has about a 16 knot margin.

And what we're talking about here is, this is
all relative to the nmaneuvering speed that is
reconmended for the various airplanes. For the 737-

300, the maneuvering speed reconmended is 190 knots.
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And at this lightweight condition, the 737-300 with the
hinge nmonment data from the Atlantic Cty test has about
a 16 knot margin. So that says you get 16 knots bel ow
the maneuver speed at that weight before you would run
out of lateral control.

And the reason for picking this, we had to
pick a weight so we could do it across the airplane
I i nes. And on the other airplanes, you can see that
it's a little bit lower than sone of the others, but
it's not substantially different. It's within 10 knots
of even the 767-200. And obviously, this margin on,
goes down sonmewhat as the, as you get to the heavier
wei ght s.

W use 190 knots as a block speed on the 737.
And that 190 knots, and as you get to the real |ight
or to the heavier weights, we'll give you less nmargin.
And as we saw in the Atlantic Cty testing, we're
getting pretty close to several knots, | think it was
185 or thereabouts, where the crossover point was found
on that airplane.

MR JACKY: They aren't shown on this chart,
but I was wondering if you could give us a conparison

as to how the 400 and 500 would play on this chart?
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THE W TNESS: | haven't, no, | really haven't
| ooked at those specifically to know the answer to
t hat .

MR, JACKY: Ckay, thank you.

W touched briefly on the kinematic study
that has been ongoing on this airplane, or on the
acci dent. And we'd like to refer you to Exhibit 13X-D,
pl ease.

THE W TNESS: Ckay.

MR, JACKY: I was wondering if you could,
before we get into this, give us a refresher as far as
what the kinematic study was and is.

THE W TNESS: Ckay. The kinematics basically
are just, we're talking about the physics of the
situation as opposed to the specific aerodynam cs.

What we have done with the U S. Ar 427 data is
calculate from that data, taking the known position
errors for altitude and air speed, and we're also able
to calculate the side slip angle and the angle of
attack, we have pitch, roll and yaw from the flight
data recorder, and from that we can derive the rates.

And also then we can calculate an aerodynamc
coefficient that wll cause the airplane to go through

the oscillation that we saw on the accident airplane.
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Basically, it's physics. W know the path of the

ai r pl ane. W know where it started, we know where it
ended up. And we can actually calculate the forces
that we don't know that wll drive the airplane through
t hat path. So that's basically what we're doing wth
the kinematics.

If the situation is fairly sinple in that
there's a control problem sonmething fails on the
ai rplane, you could calculate that aerodynamcally
pretty easily as to what was causing the incident. The
difficulty here has been, we've been pretty certain for
sone tine that this airplane went through the wake of a
727. Since our Atlantic Cty testing, we're nore
certain than ever that it went through that wake.

That makes it nore difficult to determ ne
what the aerodynamic coefficients are that were applied
to the airplane outside of that wake. Because we have
to sonehow account for the wake.

And that's really what we're looking to use
this data for. As we get more and nore information
from the flight test, we hope to be able to locate the
wake relative to the accident airplane much nore
cl osel y. The kinematics study that's been done so far,

we took the radar data from the airplane, from the 727
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and 737, we know they were in the imediate proximty.
W |ooked at basically the lift and the pitch that we
were extracting from that data and used that to |ocate
the wake relative to the airplane.

It would be -- we need sone independent
source that's not critical to the conclusion in order
to locate that wake. And that was our attenpt to do
t hat . W used pitch and lift, which, you know, are not
really a factor in the accident, to try and |locate the
wake so we could calculate a rolling noment and a
yawi ng nonent, which are critical to the cause of the
acci dent.

And that's, to date that's been done and we
cane out in May with a time history of estimted wheel
and estimated rudder position that reflected that kind
of an approach. Wat we would like to be able to do,
or what we hope to be able to do with the data that we
have now is get an even nore precise definition of the
lift and the pitching noment that cones out of the wake
encounters.

W have known wake encounters, we know where
the wakes are. And with that, we'll be able to locate
the wake from the 427 accident nuch nore closely wth

regard to where the airplane was. And we wll then
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recal culate, wusing the Kkinematics, the resultant force
in all axes that it takes to match that tine history.

So we will generate out of this data a new
time history, predicted tine history, of the rudder
pedal, or the rudder and of the control wheel.

MR JACKY: And in the update that you
presented in My, was there any change to the rudder
time history?

THE W TNESS: From what we had seen
previously, we've done that a couple tines. I think
the initial calculation that predicted a rudder
basically didn't have a week in it. That was our first
attenpt. W said, this is the aerodynamic coefficients
that we need. And in order to get a feel for how |arge
they were, we put them in ternms of an equivalent of
wheel and rudder. And that gave us this time history
of rudder. Wen we put the wake in, that tinme history
changed fairly significantly. And in May, we had taken
another cut at that and had a slightly nore, hopefully
preci se, positioning of that wake. And that did change
the character of the rudder tine history.

The final position of the rudder, 1 think,
was pretty nuch the sanme in all cases. But how fast it

came in, the profile was changed sonmewhat.
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MR JACKY: Was the profile or

i ncreased or decreased?

THE W TNESS: The rate | Dbelieve

over what we had seen previously. And i

believe in the earlier studies it | ooked

226°L

the rate

t went

l'i ke

rudder had gone up to sone intermediate val ue,

down and then back up again. I think

estimates, we felt it had gone up to a

there and then gone up a bit further

later in the event.

| evel ,

i ncreased

up to, |
t he
back

in the My

st ayed

to another |evel

MR, JACKY: And have you nade any sort of

assessnent from that time history as

to

what sort of

i nput or, what sort of input would give you that type

of rudder history?

THE W TNESS: Well, at this point, obviously
it's within the capability of the system The rudder
can nmove at that rate. It's not a particularly fast
rate. I don't recall what the rate was. And the
pilot, pushing on the pedal, obviously, would cause the

rudder to go in that fast

At this point, we haven't

particular failure node of the system that

determ ned any

t hat . Qbviously, that's been sonething

t hat

everybody's been working on for 14 nonths, to
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find sonething wong with the rudder system that could
cause this kind of an upset. And up to this point, we
have not found any failure nbde in the system that

woul d cause this.

MR JACKY: And from the simulator validation
flight testing, and even from the wake vortex flight
tests, do you see anything that would either, do you
see anything that would nake you believe that the tine
history or the final resultant Kkinematics output is
going to change to a great extent?

THE W TNESS: That's sonmething we really
don't know at this point in tinme. | suspect that it
wi Il change. The distributed Iift nodel that we used,
as | said, has not ever been verified with flight test

dat a. VW're not able to do that.

Chances are that this wll change sonewhat.
The wake nodel potentially wll change. The simul at or
nodel, basic airplane, what we're seeing is that it's

pretty reasonabl e. And we have to make a decision as
to whether we think that's going to, the perfornmance
group will rmake the decision as to whether we think
that will have a significant effect.

And what we need to do is update those nodels

and then get into the kinematic, again, to try to
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extract these coefficients. So it's premature to say
that they're going to change, although | suspect that
there will be sone change, particularly in the lateral

estimate, the wheel required. W know that the rudder

required to sustain the maneuver is very near full

rudder . That, | don't think, wll change. But the
time history of lateral control system inputs | think
is the nost likely to change.

MR JACKY: Wre you in attendance when M.
Cash gave his presentation on Wadnesday?

THE W TNESS: Yes, | was.

MR JACKY: Are you famliar with the
information he presented regarding the sounds resultant
of side slip?

THE W TNESS: Yes. I listened to his
presentation wth interest.

MR JACKY: Can you give any sort of
assessment as to whether or not his information would

verify or lend nore credence to the kinematic study?

THE W TNESS: Wll, certainly, it's an
interesting point. W had been wondering, of course,
what had caused the engine sound to change. During the
testing, | was suspicious of the actual engine

swallowing a wake as being perhaps the cause of that.
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Because there was a distinct sound change during that
event. However, it appeared that M. Cash had pretty
good correlation with side slip. So that's perhaps
nore likely the cause of that change in sound.

Yes, it would be very interesting to see
what, how that correlates with the side slip that we
have calculated kinematically. It should be very
i nteresting.

MR JACKY: The wupdated kinematic study data
was used in a simulator session at NASA-Anes in July.
I was wondering if you could briefly describe what were
the objectives of that test and how that was
acconpl i shed.

THE W TNESS: Ckay. Yes, we had actually set
up a simulator session in Seattle using our MCAB to
denonstrate to a nunber of pilots what the crew of U S
Air 427 had experienced, as closely as we could. The
experinent basically was to take the flight data
recorder from 427 to calculate the rates and
accelerations that the aircraft went through,
particularly during the early part of the upset.

Wat we were trying to determne, primarily,
was if there were any sounds associated with that,

well, let ne back up. Wat we did is we correlated the
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flight data recorder with the cockpit voice recorder.
We synchronized the two.

And we actually received permssion to use
the actual CVR, the actual cockpit voice recorder.

That was played over headsets with the, into the pilots
who were participating in the experinment, so they could
actually hear the cockpit voice recorder as the
sinmulator notion and visual system was being driven to
the flight data recorder information.

So they were able to hear and feel and see
basically the sane cues that the crew of US. Ar 427
was experiencing. And the primary purpose of that was
to try and determine if there were any, if they would
be able to determne what the noises were that we had
heard in the cockpit, or on the cockpit voice recorder.
And whether there were any cues that mght indicate to
them whether or not there was any reason to put in
rudder . That was another aspect of it.

And as we got into the MCAB, which has a
very limted motion system we found that, or we felt
that we would be better off going to the NASA sinulator
where we had, as Mke pointed out vyesterday, plus or
mnus 30 feet or thereabouts, both vertically and

hori zontally, so that we could do a better job,
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hopefully, of matching the accelerations. So that was
the intent of it.

And we basically didn't find any, the pilots
could not identify sounds, the thunps and the clicks,
based on what they experienced. And | think we know
the reason why now, because it is pretty apparent that
the wake was what was causing these things, and we were
not, had no way of sinmulating that at the tine.

MR JACKY: And as far as engineering or the
ability to put the kinematic information in the
simulator, do you feel that it was a valid session?

THE W TNESS: Yes, | think so. M ke
nmentioned there were sonme differences between the two,
and that | guess is understandable. W were able to
reproduce the accelerations, the snmall novenents, up to
a certain point in time in the time history very
accurately.

CGbviously, as you get into the, start pulling
load a factor of nore than a quarter or half a gee, the
simulator is no longer able to do that. But up to that
point, we thought we were getting a pretty reasonable
representation.

MR JACKY: Ckay. And was the cockpit that

was laid out in the sinmulator cab, was that identical
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to a 737 or were there differences?

THE W TNESS: Wll, the MCAB is pretty
simlar. It has got a lot of the common instrunents.
The cab that was present in the NASA verti cal
simulator, wvertical notion simulator, was quite
different. It's primarily a research vehicle and
didn't really bear any resenblance to a 737.

MR JACKY: One last topic | wanted to touch
with you is the CDR team and their report. Did you
have the opportunity to provide any assistance or did
they ask you to provide assistance to that effort?

THE W TNESS: To the CDR?

MR JACKY: I"'m sorry, to the critical design
review team

THE WTNESS: OCh, okay. Yes. One of the
engineers that was working for me on the accident early
on was, has been working on the CDR later on, not under
nmy direction. But he has participated in that
eval uati on.

Early on in the CDR | participated briefly
in helping them set up sinulator sessions to evaluate
sone of the failures that were of interest to them
Basically we did a nunber of scenarios which included

rudder and aileron trim runaways posed by the
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autopilot, Ilateral versus directional control power,

i ncluding maxi mum rudder deflection. W did flight
with zero and one half aileron rudder fuel force,
controlled through the aileron transfer nechanism where
the ailerons janmed at one half and full deflection,
flight with one or two flight spoilers stuck up on the
same side, and flight with a nunber two slat retracted
and flaps extended to 1, 5, 15, 25 and 40 conbined wth
a maximum flap asynmmetry between 15 and 25.

And for the nost part, | think that session
satisfied the CDR team with regard to nobst of those
items, so they did not beconme a part of the final
recomrendati ons. There were perhaps a couple that did.
And we did then participate through one of ny
engineers in answering the recomendations, several of
the reconmmendations that were nade by the CDR team

MR JACKY: And one final, fird point. Have
you had any participation in the original certification
in the 737 airplane?

THE W TNESS: | was, |'ve been on the 737
since before it becane certified, back before first
flight. Some of us are old enough to go back that far,
even though the FAA doesn't have anybody that old, |

guess, any nore.
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However, | was a very young engineer at that
point in time, so | didn't get a whole lot of input
into decisions that were nmade. But | did fly in the

airplane a nunber of tines.

MR JACKY: And during that certification,
were you aware of any sort of flight tests done at full
rudder input?

THE W TNESS: Well, during the certification,
I'"ve gone back and reviewed sonme of the flight testing
that was acconplished on the airplane. W did steady
side slips for certification, primarily during the 100
and 200, | think it was primarily at the landing flaps.
And there it was obvious that there was plenty of
lateral control for full rudder.

During the 737-300 certification, which |
also participated in, it was obvious that, again they
did considerably nore steady side slip testing at that
point in tine. Flaps 1 was flown both at 1.2V stall

and at VFE At VFE there is obviously plenty of

| ateral control. At 1.2V stall there is not enough
|ateral control to hold full rudder. And that was the
certification testing done on that 737-300. That was

true at both flaps 1 and flaps 5.
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MR JACKY: And was there any sort of flight
test done to show the controllability of the airplane
with a rudder hardover or rudder jam in the full or

maxi mum position?

THE W TNESS: Vll, not in ternms of,
certainly not in terns of the dynamc. That was not a
requirenent. Basically, it still isn't a requirement.

There is no requirenent in the FARs that requires you
to denonstrate a rudder hardover. Basically the rudder
system is considered to be a primary flight control
system and the probability of that causing a hardover
is deenmed to be extrenely renote.

MR JACKY: And do you have any opinion as to
that certification basis?

THE W TNESS: In terms of whether that's
sufficient? | believe that it is, yes. I think that
as M. Berven pointed out, we need to consider that
these control surfaces are, their primary control of
the airplane, the pilot has to have the authority
through the control system to cover anything that's
going to happen to the airplane. And if you start
limting it, you becone, it beconmes difficult to do his
job when he gets an engine out or sone other failure

that the system is designed to handle.
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So | think that what we have is sufficient.

MR JACKY: | have no further questions, M.
Chai r man.

CHAl RVAN  HALL: Any other questions?
Questions from the technical panel?

MR. HAUETER: Just a couple.

One question | have, sir, is on the Kkinematic
study, when do you anticipate that the next iteration
could be conpleted, based on the data we have?

THE W TNESS: W're -- 1 have put together a
rough schedul e. | anticipate that probably the end of
the first quarter next year, end of March, perhaps.

MR. HAUETER: Ckay.

THE W TNESS: And that, at this point, | hope
to have it docunmented at that juncture. So we'll have
sonme prelimnary |looks at it ahead of that.

MR. HAUETER: Ckay. And secondly, during
your testinony, you nentioned that at the crossover
point with lateral directional control, there was a
slow recovery, you kind of indicated a benign maneuver
conpared to, say, M. Berven's testinony of a dynamc
input in ternms of being --

THE W TNESS: Well, again, if you suddenly

step on the rudder pedal and wait four or five seconds

CAPI TAL H LL REPORTING | NC

(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

227¢

before you do anything, it wll be quite dynamc. And
again, if it gets over pretty far before you put any
wheel in to counter it, it wll be pretty dynamc.

I"'m just pointing out that the, if you put in
a full rudder input at, in an area where it takes 90
percent of lateral control to control the airplane,
that's not going to be a lot different than an area
where it takes 110 percent lateral to control the full
rudder input. I"m just saying, those two maneuvers
aren't terribly different. It doesn't suddenly becone

much nore dramatic from an upset standpoint.

The upset is about the same. You grant it
when you put in the wheel, in one case, the wheels stop
the roll rate pretty much and it wll continue slowy
on, and in the other case, it may continue slowy back.

But it's, | don't see a clip there is all I'mreally

sayi ng.

MR. HAUETER: Ckay, thank you very much.

CHAl RVAN  HALL: O her questions from the
technical panel?

(No response.)

CHAI RVAN  HALL: Well, M. Kerrigan, if you
happen to renmenber the nanes of any of the FAA people

you worked with --
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(Laughter.)

CHAI RVAN  HALL.: -- M. Donner would probably
like to have sone of those.

THE W TNESS: Wll, one name, | was
surprised, because | think Earl Chester still works in
the Seattle office. And he was there during the
certification of the 737, | Dbelieve.

MR. DONNER: And | believe you're correct.

CHAl RVAN  HALL: Vell, we wll have to |ook at
this incorrect testinony that's been presented by them

(Laughter.)

MR. DONNER: I'd like to correct the record
and assure the Chairman that the FAA has lots of old
peopl e.

(Laughter.)

CHAI RVAN  HALL: That's apparent to the
Chai rman, M. Donner.

(Laughter.)

CHAl RVAN  HALL: W have been joined by the
di stinguished former Chairman of the National
Transportation Safety Board, M. Carl Vogt is in the
back of the room There's nothing nore distinguished
than a Chairman of the National Transportation Safety

Board, so | want to be sure and welcone Carl. And
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Carl, of course, was with the Board at the tinme of this
accident and was the nenber on scene.

The technical panel has advanced us now an

hour and 15 mnutes, well, no, an hour and 45 mnutes.
So we will, before we go to the questions of the
parties, we wll take a break and return and start

pronptly at 10: 30.

(Whereupon, a recess was taken.)

CHAl RVAN  HALL: W wll reconvene this board
of inquiry, and M. Kerrigan has returned to his
position. And we will ask if any of the parties have
questions for this wtness.

| see the hand of the Air Line Pilots
Associ ation. Any other parties have questions for this
witness? If not, Captain, please proceed.

CAPTAI N LEGROW Thank you, M. Chairman.

Good norning, M. Kerrigan.

THE W TNESS: Good norni ng.

CAPTAIN LEGROW Just a couple of questions.
You were talking about rudder hardovers and then you
made sone reference to lateral hardovers. I wonder if
you could just elaborate a little bit on exactly what
would be considered a lateral hardover, or how you

could get a lateral hardover?
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THE W TNESS: I don't know exactly what would
cause one in either the directional or the lateral
axes. But if you are going to look at a hardover in
one, why not look in the other. A jam obviously, if a
pilot puts in full wheel and it janms, or he puts in
full rudder and it jans, could result in a full control
input, whether it's a probable or extrenely inprobable
event is a point of discussion, | guess.

CAPTAIN LEGROW But isn't there redundancy
in the lateral control?

THE W TNESS: Thee is sonme redundancy,
depending on where the jam occurs. But again, it's
very dynamc, if it were to occur.

CAPTAI N LEGROW You were discussing sone of
the tests that were done in Atlantic Gty. And we're
tal king about a crossover point. And | believe you
testified, and M. Carriker testified, as did Captain
cox, that during the flight test that was sonewhere,
sonet hing under 190 knots was 1 degree flap. Wul d you
agree with that?

THE W TNESS: That's ny understanding, yes.

CAPTAIN LEGROW If | oodd refer you to
Exhi bit 13X-P, please. And it will be the last page.

CAPI TAL H LL REPORTING | NC

(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2280

THE W TNESS: Yes, sir.

(Slide shown.)

CAPTAI N LEGROW On your graph that vyou
showed us, you showed for the 737-300 naneuvering speed
plus 16 knots, or less 16 knots, is that correct?

THE W TNESS: Yes, at that weight, that's
correct.

CAPTAIN LEGROW Ckay. vell, ny
understanding, the Atlantic Cty airplane, or the
airplane used for the testing in Atlantic Cty, closely
replicated the accident airplane. Wuld that be a true
st at ement ?

THE W TNESS: That's true, in terns of weight
and CG that's correct.

CAPTAIN LEGROW Wi ght and CG Vell, | just
don't understand, with the difference between the 5
knots that M. Carriker and Captain Cox testified and
that you agreed to and the 16 knots that you show on
this balance sheet, | guess it's called --

THE W TNESS: Well, again, this balance sheet
was put at a specific weight relative to the operating
enpty weight of the airplane, so that we could get a
conpari son across airplane |Iines. In other words, it's

done at 1.25 OEW which is a landing weight that's
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typically used for these kinds of conparisons.

This was done a while ago. It wasn't done as
a direct result of what we're talking about here, it
wasn't prepared for this accident or this neeting,
rat her.

CAPTAIN LEGROW So this was done prior to
the test in Atlantic Gty, then?

THE W TNESS: | don't know if it was done
prior to that or not. That has been updated for the
rudder data that we took in Atlantic Cty. The 16
knots is indicative of the rudder blowdown that we saw
in Atlantic CGty.

CAPTAI N LEGROW Ckay, SO this would
represent, to put it in some lay terms, a nearly enpty
airplane, wthout --

THE W TNESS: It's a, well, it's got 25
percent of the weight over and above the operating
enpty wei ght.

CHAl RVAN  HALL: Excuse ne, are you having
difficulty in hearing in the back? That speaker is
maybe out. Ckay, If you could please try to speak
closer to the mcrophones. W have people having

difficulty hearing. Thank you.
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Pl ease proceed, Captain.

CAPTAI N LEGROW Thank you, M. Chairnan.

How would this 1.25 CEW conpare to the
accident airplane?

THE W TNESS: It is quite a bit lighter than
the accident airplane. The accident airplane was Kkind
of in the mddle of the weight range for |[|anding.

CAPTAI N LEGROW About 110,000 pounds or
sonet hi ng?

THE W TNESS: Yes, | think it was 108,000 or
sonet hi ng.

CAPTAI N LEGROW This would be sonething,

what ?

THE W TNESS: This is quite a bit lighter, |
don't --

CAPTAI N LEGROW Ei ghty-five thousand?

THE W TNESS: Yes, maybe 85,000, 90, 000,
sonething like that.

CAPTAI N LEGROW During the wake vortices
tests in Atlantic Cty, | assunme that you rode in the

cockpit for some of these tests?
THE W TNESS: I was present in the cockpit

for one of the tests, yes.
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CAPTAI N LEGROW In your estimation, what
would you estimate the core, the dianmeter of the core
of the wake vortex?

THE W TNESS: | really haven't -- the view
that you have out the cockpit is not real good for
doi ng that. | didn't try to estimate the core. One of
nmy engineers |ooked at the novies that we had taken,
the videos that were taken, and estimated that in one
of these conditions we |ooked at, it was about four
feet dianeter.

CAPTAI N LEGROW | think that would probably
be the consensus from what we saw I"d like to refer
you to the Kkinematic study. That would be Exhibit
13X-D. And you said in your testinony that you had a
great deal of confidence, or you had confidence in this
document ?

THE W TNESS: Well, what | have confidence in
is the methodology that we used to calculate, to go
through and calculate these data. It obviously, the
nodels that we are using as part of the extraction we
hope to gain nore confidence in that as a result of the
Atlantic Gty testing.

CAPTAI N LEGROW Ckay. | refer you to page 6

of that docunent, please.
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THE W TNESS: Ckay.

CAPTAI N LEGROWN About two-thirds of the way
down, and it defines the weight vortex used for the
st udy. And the second would be the dianeter. SO you
would agree that this is about four times greater than
what - -

THE W TNESS: wll, if you look at the
paragraph imediately above, it says that we varied the
diameter from a radius of, for a dianmeter of 4 feet to
16 feet during the evaluation that we did. And
basically, in ternms of the effect of the wake on the
airplane nodel, we didn't see a lot of difference
between 4 feet and 16 feet.

And a lot of the data that we ran was run at
four fee during the evaluation. That doesn't appear to
be a particularly strong influence. And Dbasically,
what we're seeing in the wake testing is a dianeter of
the snoke entrained in the flow The flow field that
surrounds that wake is nuch larger than that. As you

put a wing tip, as you get, you know, 10 feet away from

that, | would assune that you would start to feel the
i nfluence of that wake. You don't have to put the tip
right in it before you feel, 1 think Captain Cox can

confirm that.
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CAPTAIN LEGROW Ckay, |1'd like to refer you
to page 19 of the same docunent.

THE W TNESS: Ckay.

CAPTAI N LEGROW And do you believe that this
represents what you would find, from time 132 to tine
141 is approximately 9 seconds. And | think Captain
Cox and M. Carriker testified yesterday that they felt
it was sonmething on the order of two or three seconds.

THE W TNESS: Two or three seconds in the
Atlantic Gty test data?

CAPTAIN LERON  Yes, sir.

THE W TNESS: Again, if you recall the videos
that we've |ooked at, wakes can snake all over the sky.
And if it has a shape that puts you in it for two or
three seconds, as we experienced quite often in the
testing, that's going to do sonething to the airplane.
If it happens to be in, have a turn in it as you fly
into it, and that's tracking the airplane, you could be
in it for considerably longer than that.

This slide that you're talking about, it
shows the airplane actually entering the influence of
the wake, approaching it, and being into it for perhaps
four or five seconds. And that represents basically a

simulator run that we've made through this data set,
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where it's approaching the sinulated wake and flying
through it fairly, you know, in a physically correct
manner, and still, like you say, staying in it for nore
like four or five seconds.

CAPTAI N LEGROW But again, this is before

the data from Atlantic Cty was gathered, is that

correct?

THE W TNESS: That's correct. What vewl|
do, hopefully, is be able to refine this association
between the airplane and the wake. The positioning is

sonmething that we hope to be nore precise on, yes.

CAPTAI N LEGROW I have one other question.
Li ke you, I|'ve been around this business for 30 years
or so and renenber the initial testing. But in your

opinion, wth your vast experience in this business,

and doing accident investigations, do you feel the

expanded flight data recorders would be helpful in
accident investigation?

THE W TNESS: | don't think there's any
guestion about that. Qbvi ously, in accident

investigations where we've had flight data recorders
with a lot of parameters on them we have been able to
reach conclusions nuch nore quickly and rnmuch nore

rapidly.
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And | think even nore inportant, perhaps than
in accident investigation, is incident investigation,
to be able to understand precisely what happened in an
i nci dent . W may be able to prevent an accident from
happening later on. So |I think it's very inportant
that we have as many paraneters as we can get.

Qobviously, as an engineer, they won't let ne
have as many as | want. But we'll hopefully get an
i ncreased nunber.

CAPTAIN LEGRON W're faced with the sane
t hi ng. Thank you. I have no further questions.

CHAl RVAN  HALL: Thank you, Captain.

Any other questions from the parties?

(No response.)

CHAl RVAN  HALL: If not, we'll nove to the
front table. M. dark?

MR. CLARK: In the, we've had two
presentations on the kinematic studies done by M.

Del |'i cker. And in one we had a rudder that could nove
somewhat slower and then another one that the rates
were (greater. Is it fair to characterize that the, in
the slower rates, we were looking at deflections to the

blowdown limt in four to five seconds? Is that --
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THE W TNESS: That's sonething that 1'd have
to look back at it. But that's on the order, the
correct order, | think.

MR. CLARK: W can pull the record out, if we
need. But in that order.

THE W TNESS: Yes.

MR, CLARK: And certainly the graphs speak
for thensel ves.

And then in the faster rate, we were |ooking
at step inputs up into the 12 degree range in about a
half a second, at Ileast according to the charts?

THE W TNESS: Yes, | believe that's correct.

MR. CLARK So there's a very distinct
difference in rudder rates that can be, that can cause
a match of the FDR data from Pittsburgh?

THE W TNESS: Ri ght . And that primarily is
the positioning of the wake and with respect to the
ai rplane, that causes those differences.

MR, CLARK: And would that open up the
portion of the investigation that deals wth potential
failure nodes, for exanples, having any kind of failure
node that nay be limted to a slow rudder rate versus a

wi de open rudder rate?
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THE W TNESS: Yes, in terns of, failures that

could cause a particular rate, it may open it up

somewhat . Now, obviously --
MR CLARK I"'m not trying to put you on the
spot as a rudder expert. But from the aerodynanic

standpoint, you're confortable enough with the nunbers

that there's a distinct difference between the two

rates?

THE W TNESS: Wll, there definitely is. And
again, what we hope wll conme out of this evaluation is
another curve which we wll have even nore confidence

in. W obviously felt that what we presented in My
was a step beyond what we had previously. And
hopefully, this wll be one step beyond that, now that
we have the data to support it.

MR. CLARK: In your exam nation of the data
to date for the, from the vortex tests, is there any
evidence that the vortex flow field caused novenents of
the rudder directly?

THE WTNESS: No, |'ve |looked at the data
that we took. A lot of the cases that we ran,
particularly with the fin in the wake, were nostly yaw
danper on. So we definitely had motion of the rudder

to the yaw danper limts.
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W didn't see any notion beyond that, if

pilots were not nobving the pedals. I

n those cases,

where we're just flying through the wake, there is

very, no perceptible, or no significant novenent of

rudder
it nove,

syst em

t he

t he

in any of those cases. You may be able to see

side slip variation and conpliance in the

will cause very small notions.

the tenths of a degree, if that |arge

| ooked

But it's down in

) | haven't

at anything on a scale large enough to really

identify if there is a magnitude there or not.

estimati
and spe
flow fi

of the

rudder

resi st
rudders
limt,

monent s.

MR, CLARK Ckay. Is there, in your
on, any way to calculate the forces on the tail
cifically on the rudder to see if the vortex
eld may be approaching the hinge nonment limts
rudder systen?

THE W TNESS: The hinge nonment limts of the
syst enf?

MR. CLARK: Well, the rudder, the PCU can

certain levels of hinge nonments, when the

deflect, we're talking about

the aerodynam c forces balance

THE W TNESS: Yes.
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MR. CLARK: Can you back out any of the flow
field data from a vortex encounter directly on the

rudder or on the vertical fin and make estimate of how

close we are to approaching those hinge nonent |imts?

THE W TNESS: | thinkthat that probably is a
possibility. | hadn't thought about that. But | ooki ng
at the data where we ran with the yaw danper off, if

you can see a notion at all of the rudder system we
know what the conpliance of the rudder structure is in
that area. So it may be possible to calculate what
force is being applied to the rudder.

In terms of approaching any kind of Ilimts,
obviously if it was getting, what you would see if the
forces being applied to the rudder were very large, you
woul d see some, quite a bit of notion of the rudder
conpliance, and the rudder, when you get up near full
rudder throws, the conpliance is worth 1 or 2 degrees
of rudder. I nean, as you slow down or speed up, you
can see a pretty substantial bending of the conponents
of the rudder in that area.

So I would, you know, if you're getting up
anywhere near significant loads on the rudder, you
woul d see sone notion, considerable notion. But we

should be able to estinmate that. | think that's a
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possibility.

MR, CLARK Ckay. The, canyou give us an
overview of future sinmulator tests that you anticipate?
I know we've kind of bounced around various subjects,
such as the kinematic studies, your background studies,
background nodels, M CAB, VM.

THE W TNESS: Yes, |'m not sure whether, we
certainly are going to be doing a lot of work on the
simulator, and we nmay want to get into pilot
eval uations again once we have updated all the nodels.
As to whether we go back into |ike the NASA-Anes
simulator, basically what we did with the NASA-Anes
simulator is we did a backdrive of that through the
flight data recorder from 427. That hasn't changed at
all. The cockpit voice recorder obviously hasn't
changed.

The only thing that would potentially change
in that kind of an exercise is that the control inputs
that we estimate based on the location of the wake
relative to the airplane may change. If we decide that
that is, that it's necessary to go back and evaluate
those control inputs in that atnosphere, you know, we
certainly can do that. I"'m not sure that it would be

necessary to do it.
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| think it mght, if we were going to do
that, we mght just want to go ahead and do it in the
M CAB. I'"'m not sure that NASA-Ares would give us a |ot
nore information.

MR. CLARK Ckay. My understanding is that

the roll response of the airplane changes significantly
between a flat 1 and a flap 5 configuration. I's that
true?

THE W TNESS: Between flaps 1 and 5? | don't

think that there's a large difference between those

t wo. By the tine you get the landing flaps, you're
generating a lot nore lift with the flap systens. And
when you put the spoilers up through the |lateral
control, you get a very substantial difference.

There certainly is a difference between flaps
1 and flaps 5, but | don't believe that | would call it
all that substantial.

MR. CLARK: How does the crossover point
change between those two configurations?

THE W TNESS: I haven't really evaluated
flaps 5 other than to, we know that there is a, if you
get to very low speeds, the lateral control system
won't handle it. But | haven't really, we haven't done

nearly as much investigating of that as we have flaps

CAPI TAL H LL REPORTING | NC

(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2294

1.

MR, CLARK: Ckay. There were sone earlier
guestions on the effect of the core dianeter. And |
guess, is it your wunderstanding that basically the core

diameter is not the issue, but in fact the entire flow
field, the entire energy of the --

THE W TNESS: Ri ght. There was sone, we
talked to the experts that we have in the Boeing
Conpany relative to the wakes. And we had two of them
they had quite different opinions as to what the
dianeter of a wake really was. And basically one of
them said 4 feet and one said 16.

So we |ooked at both. And we really, in
terns of the effect on the airplane, couldn't see a
|arge difference between those. It really didn't seem
to make a trenmendous difference on what was happening
to the airplane for a particular value of the flow
field. So we'll continue, you know, based on the
Atlantic Cty test, we think that the flow is fairly
restricted in dianeter, and we wll certainly try to
determne that.

MR CLARK What, in your estimation, what is
the effective flow field? Wat kind of dianeter are we

|l ooking at? Not the core size, but the entire flow
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field?

THE W TNESS: | really don't have a good
answer for you. The nodel that we've used, | believe,
uses a one over the radius squared outside of the core,
in a linear distribution within the core. And 1'm not
sure how many dianeters outside the core that affects.

MR, CLARK Do you have any estinates, or are
we talking a flow field effective of sonething like 1
out of 100 feet or 25 feet?

THE W TNESS: I wouldn't think, yes, | don't
think it would be that far out, perhaps. And
obviously, you see a pretty distinct effective between
the two, when they are 70 feet apart. So obviously, 35
feet from the center, you would see sonething. So
it's, I'msure, out there 50 feet or nore.

MR. CLARK: So that's a radius. So if we're
talking 35 feet on each side, we're looking at a 70
foot diameter that can be effective near?

THE W TNESS: Yes, |I'm sure it's felt at
least in that.

MR CLARK On the question of FDR
paraneters, are you famliar with EICAS filters, and

how that affects FDR data?
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THE W TNESS: Just vaguel y.
MR CLARK: | believe for the record the 737

does not use EICAS filters.

THE W TNESS: Yes, that's correct. I know
there is a concern on sone of the other airplanes. But
our data, | believe, does not suffer from that.

MR, CLARK I"d like to look at two exhibits,
and we'll switch back and forth. Primarily it's

Exhibit 9X-L, which is a part of M. MGews
presentation. But are you famliar with that docunent?
THE W TNESS: Yes, | believe so.
MR, CLARK: And are you famliar with the
graphs and plots and part of the summary table in that
document ?

THE W TNESS: Yes. Let me find it first.

Yes, | have it, thank you.

MR CLARK W'l be in great shape as soon
as | find mne.

Ckay. I want to go through several o the

events and basically, on page 5, there's a nunber of
events and events 1 through 12 are Boeing conclusions
that those were wake turbulence events.

THE W TNESS: Yes. In the process of

evaluating these events, these have been conpared to
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basically the test data from Atlantic Gty to determne
whether that's a possibility.

MR. CLARK: Ckay. And then on page 13, if we
could have that graph up.

CHAl RVAN  HALL: Wuld you clarify for us what
this docunent is, what we're referring to here?

MR. CLARK: Vould you characterize that, M.
Kerri gan?

THE W TNESS: Ckay. Basically, since the
accident, we've had a fair nunmber of reports of other
incidents from various airlines that have cone into the
Boei ng Conmpany and to the NTSB. And we've gone through
and, outside of the investigation, we've had a group
| ooking into the causes of these accidents. W had
blue water nmentioned yesterday. That was expl ored,
along with wake turbulence and any other potential
causes for these incidents.

We, this is a summary of aou, what is it,

25 incidents that we've evaluated, and sone going back
as far as 1993, but nost of them are basically since

t he accident. And those have been conpared to, like I
say, Wake turbulence data from US. Ar, or yes, from
the US. Ar test airplane, and also from in many

cases, the certification autopilot hardovers and what-
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not on the airplane.

MR, CLARK Ckay. And the presunption for
the conparison of the charts and graphs, that data does
have simlarities to wake vortex encounter,
specifically the data from the Atlantic Gty test?

THE W TNESS: Ri ght .

MR, CLARK I"'d like to bring up data plots
from Exhibit 13X-K, page 18.

You don't have that in the --

CHAl RVAN  HALL: The exhibit is 13X-K, the
page is 18. Do you have that, M. Kerrigan?

THE W TNESS: I have it in front of ne. |
don't know the viewfoil of it.

(Slide shown.)

MR CLARK | believe this is the sane event
from 8/30/95, a Continental 737 incident. And what 1'd
like to address is, are you famliar with sonme of the
Rod Wng-rove studies from NASA, where he evaluated or
| ooked at high altitude upsets?

THE W TNESS: | have |ooked at sone of them
gquite sone tinme ago, not recently.

MR CLARK And basically the premse there
is that if pitch attitude is relatively constant and

the vertical gees are active, and the influence is from
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an external source, and then if the pitch attitude is
noving and the gees seem to be following pitch
attitude, the influence is nore likely from an internal
source, such as pilot input?

THE WTNESS Ri ght .

MR. CLARK Ckay. In this situation, we're
looking at pitch attitude and vertical acceleration,
which is on the top. Is that in your estimation
consistent with an upset from an external source?

THE W TNESS: It would appear so, yes.

MR. CLARK Basically the pitch is constant
and the vertical gees are noving?

THE W TNESS: Correct.

MR. CLARK: And also in that sanme scenario
down at the bottom we certainly do have a roll
oscillation?

THE W TNESS: Yes.

MR. CLARK Ckay. I"d like to goback to, or
nove on to Exhibit 13X-K, page 5.

(Slide shown.)

MR. CLARK Now, this is plotted differently,
but it's from the same data set that Boeing had in
Exhibit 9X-L, page 7. | don't think we need to bring

both up at a tine. But in this situation, this is one
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of those that Boeing referred to as a wake turbul ence
encounter. And in the early parts of the data, from
say, 70940 to 70944, for exanple, is that consistent
with sonme sort of external influence?

THE W TNESS: I would think so, yes.

MR, CLARK: And then later on, for exanple,

from 70952 to 70956, are those consistent wth external

or internal inputs?
THE W TNESS: Well, obviously, pitch angle is
starting to nove around there. Maki ng that judgnent

wi thout going through and actually trying to recreate
it is difficult to say out of hand. But certainly
there's pilot input there as well.

MR. CLARK Ckay. And then |ooking at the
typical frequency of the plot called VACC, vertical
acceleration, there's a certain frequency rate. And
I'd like you to conpare that to the roll rate in that
si tuati on. Do those seem conparable to you?

THE W TNESS: A frequency rate?

MR. CLARK: The frequency of the disturbance
in the vertical acceleration.

THE W TNESS: There is a bit of a frequency
there, fairly difficult to pick out a rate. It doesn't

appear to be too consistent wth bank angle.
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MR. CLARK: So the bank angle, we have a roll
excursion to about 20 degrees in, oh, 4to 6 seconds,
sonething |like that?

THE W TNESS: Ri ght .

MR. CLARK: Kind of a slow roll-off?

THE W TNESS: Ur n- hmm

MR. CLARK: And is that consistent with a
wake vortex encounter, that type of roll-off?

THE W TNESS: Wll, | think if you |ook at
the wake testing from Atlantic Cty, you can find that
there is perhaps no typical wake vortex encounter tine
hi story. It varies anywhere from a very large input if
the pilot does nothing to fairly mld input if it's
controlled directly.

As M. Cox pointed out, if you're on top of

the controls when sonmething like this hits, you don't
get much of an upset. So you can get just about
anywhere in between. So it could be consistent wth
t hat .

MR. CLARK: Coul d be, okay.
And this disturbance we see on the vertical
acceleration lasts from say, 70936 to 71000, a little

| onger, naybe 24 seconds?
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THE W TNESS: Gve ne those tines again, 36

MR. CLARK: It was 70936 to 71000.

THE W TNESS: There is definitely, vyes,
oscillations occurring in that period of time from
what ever  sour ce.

MR. CLARK: And is that typical da vortex
encounter, to be able to stay in a vortex for 24
seconds?

THE W TNESS: Well, again, it's difficult to
say what that vortex is going to look Iike. From the
testing we saw, you can get into the vortex again and
agai n. If you happen to be trying to follow the same
path, if you looked at the testing that these guys did
in Atlantic Gty, wth sonme effort they were able to
follow the core of the vortex for long periods of tine.
So it's not, certainly not inpossible for that to be
in continued flight in a vortex or about a vortex.

MR. CLARK: And then the bottom chart, that
altitude change of about 800 feet over that tine period
is, that's not typically consistent with a vortex
encounter?

THE W TNESS: Well, again, it all depends on

what the leading airplane is doing. At this point in
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this evaluation, we haven't really |ooked at whether
there's another airplane in the area, necessarily.
W're looking at the data, trying to find simlarities
between reported events and known wake events. So the
conparisons that we nmade in the other data set from
what was it --

MR, CLARK That one would be on page 7 of --

THE W TNESS: Nine X, yes, 9X-L. It just
shows that there are sone simlarities between the two.

MR CLARK Ckay.

THE W TNESS: It doesn't mean that it's
consi st ent t hr oughout .

MR CLARK And then on, 1'd like to refer to
13K, page 9. And that's the sane data set as, that
occurred on 7/18/95 that is in 9X-L, page 8. But |
think we can just |ook at page 9.

THE W TNESS: Ckay.

MR. CLARK: And basically that shows a roll
excursion, and there is sonme activity on the vertical
accel erati on. I'd like to look at the, conpare the
timng of the pitch attitude data, second data |ine
down, to the vertical acceleration, which is the second
data line from the bottom Can you perceive the

frequency change in, or the timng of the events,
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conparing a pitch attitude to a gee excursion, for

exanmple, which occurs first?

THE W TNESS: Well, typically, the pitch
angle, | think, well, pitch actually takes a while to
catch up with angle of attack. So the angle of attack

woul d change pretty much with the |oad factor.

MR CLARK Wth the pitch attitude. So in
this case, the gee excursions we're seeing seem to be
following the pitch attitude?

THE W TNESS: To sone extent, that appears to
be true.

MR CLARK And they're peaking out slightly,
later in tine.

THE W TNESS: Ri ght.

MR CLARK In the Wng-rove type data, is
that nore consistent with an input from inside the
cockpit rather than --

THE WTNESS: It's certainly possible.

MR CLARK Ckay. And then going back to the
m ddl e channel that shows the roll oscillations, that
show a roll excursion occurring up to about 20 degrees
over a 7 second period, again, is that consistent wth

a typical vortex encounter?
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THE W TNESS: Wll, | think the initial part
of it may not be. | don't recall the particulars of
this incident. Quite often there is a change in

heading that is being made or whatever as the incident
occurs. | don't renenber the details of this
particular event.

MR. CLARK: Ckay. Thank you. I have no
ot her questions.

CHAl RVAN  HALL: Al right. If we could get
the |ights again. Then, M. Marx?

MR MARX: No questions.

CHAI RVAN HALL: M. Marx has no questions.

M. Schl eede?

MR. SCHLEEDE: I can't see ny notes.

(Laughter.)

MR. SCHLEEDE: M. Kerrigan, 1is there any
possi ble configuration of the wake in relation to the
shift of the airplane that can theoretically cause a
yawi ng nonent ?

THE W TNESS: Theoretically, | guess | don't
know how to answer that. Empirically, we haven't found
in the testing any indication that there is a strong
wake or a strong yawing nonent associated with entering

the wake from a nunber of different directions.
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MR.  SCHLEEDE: I"d like to shift off to sone
other subject briefly, talk about yaw dunp danper step
i nputs, hardover yaw danpers. From an aerodynam c
standpoi nt, what type of effects do you get on the
airplane at various speeds, say, cruise and approach?
What kind of |lateral accelerations would you expect?

THE W TNESS: Well, 1 don't know off-hand
what the values are. They are certainly perceptible.

I know that early on in the 737 program there were
quite a nunber of problens that occurred with the yaw
danper that have since been corrected. There have been
quite a nunber of inprovenents made to that system over
the years. Early on, there were occasions when the yaw
danper kicks would, in particular | think at cruise,
cause people to lose their balance in the back of the
ai rplane, and there were sone injuries involved in

t hat .

MR.  SCHLEEDE: Thank you. And one other area
that M. dark was pursuing, about the rate rudder
nmovenent, and he brought up that sonme of our work,
previous work, has involved your working on possible
scenarios such as a slat failure, causing the yaw ng

noment . Do you recall vyour earlier testinony?
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THE W TNESS: Yes.

MR. SCHLEEDE: And |'ve went through the
testinony from Pittsburgh, or from the previous
hearing, and at that tine, it was an open item whether
or not nunber 1 slat could nmatch the data. Coul d vyou
comment on that briefly, where we stand on that?

THE W TNESS: Sur e. Yes, we did look at, in
the wind tunnel, the slat in an unusual attitude, kind
of bent up and in front of the wing, to the extent that
our loads people felt that that was a possibility,
based on the danmge that was, or based on the damage
that wasn't done, the structure that was left at the
accident, on the accident airplane.

And basically in the wind tunnel we saw very
little yawing noment due to that configuration. And on
that basis, we elimnated that from consideration. W
don't feel that the slat which had a structural failure
that was, could have been pre-existing, we think it was
caused by inpact, but could have been pre-existing,
that that configuration that would have resulted would
not have produced enough yawing nonent to sustain
anywhere near this maneuver.

MR. SCHLEEDE: Is that in our record, that

conclusion, or enough for us to confirm that
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concl usi on?

THE W TNESS: I would assune so.

MR,  SCHLEEDE: Timng-wise, | didn't renenber
that we hadn't, yes, we were present during sone of the
wind tunnel testing and what-not. And on the sane
area, we had testinony and discussions about the
possibility of a step input in the rudder such as

soneone jerking the cable, soneone stepping through the

floor or sonme other jerk on the cable. Do you recall
t hat ?

THE W TNESS: I recall that being discussed,
yes.

MR. SCHLEEDE: Wthout going through it, 1've

reviewed the transcript, at that tine, that was
partially discounted because of the kinematic data that
showed a rudder rate of nmaybe 6 degrees per second. Do
we need to rethink that because of the recent rudder
rate data that we have?

THE W TNESS: I don't know if that is a
possibility or not. From a mnechanical standpoint,
whet her you can get enough pressure by stepping on a
pedal to cause this kind of an occurrence or not, |

really don't know.
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MR.  SCHLEEDE: I was reedrg from an
aerodynam c standpoi nt. From what | get out of the
charts here, now, that we could have up to a 30 degree
per second rudder novenent?

THE W TNESS: Yes, | think that's possible.
Again, we wll hopefully have another cut at that,
based on the flight test data, which should give us
hopefully a nore accurate --

MR. SCHLEEDE: And would that be
characterized as a step input?

THE W TNESS: Wll, | nmean, obviously, it's
not at the rate limt of the rudder, at this point.
The rudder is capable of noving at about 60 degrees a
second, | believe, 50 to 60 degrees a second. So it's
about half the maximum available rate. But a step
input can basically be any rate you want it to be.

MR.  SCHLEEDE: Thank you very nuch.

CHAI RMAN HALL: M. Laynor?

MR, LAYNOR Just a couple.

M. Kerrigan, first of all, and you don't
have to reach for it, but in Exhibit 9X-L that M.
Cark was referring to, on several of the plots we show
traces that are attributed to autopilot hardover. And

we were wondering what the source of the data?
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THE W TNESS: That data came from
certification flight testing on the 737-300.

MR, LAYNOR Conducted back on the original
certification process?

THE W TNESS: Yes, on the 300, back in 1984,
1985.

MR.  LAYNOR Ckay. Foll owi ng up on one of
M. Schleede's questions, | know you haven't finished
your exam nation of the Atlantic Gty flight test data.

But did you see any of that data, any of those flights
on a prelimnary look that indicated unexplainable
yawi ng nonent s?

THE WTNESS: No. Not at this point. There
has been no unusual yaw ng nonents apparent.

MR.  LAYNOR Are you confortable in your own
mnd that we've pretty nuch exhausted the exam nation
of any other type of failures, other than aerodynamc
rudder |oads that could produce a yawing nonent simlar
to what you see in the accident flight test data?

THE W TNESS: Yes. We've pretty well
brai nstorned what could cause that. And basically, in
order to cause the kind of yawing nonent that's
required to sustain that maneuver, you would have to

either be out near a wingtip or back at the aft end of
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anything else aerodynam cally that

kind of a

yawi ng nonent.

MR LAYNOR  Ckay. One |

this refer

was, perha

s to one of M. dark's questions

In testimony, and | can't

ps M. Berven's, we talked about

or changing operational procedures

range, wt

tal king ab

h the specific flap setti

out going to flaps 5, a |

t here'

2311

S

coul d cause that

ast question, and

al so.

recall whose it

i ncreasi ng

to, for the speed

ngs. And we were

ittle bit

prematurely, to what the current procedures called for.

And presumably, that was to get closer to the, where
the lateral control authority could offset a
directional control nobvenent. Did you say that that
data is not available to support the change in that
procedure?

THE W TNESS: Well, certainly, the sinulator
is valid for that. I just haven't specifically gone in
and evaluated flaps 5 to any great extent. You know,
there's an obvious advantage to going faster. You get

closer to

have nore

the, you have nore of a controllable, you

control as you go faster,

| ateral control can overpower the

as you go

in that direction.
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So there is sone advantage to increasing the
oper at i onal speeds. Again, it's, there isn't a cliff
t here. You don't suddenly, you go faster than that
speed, nothing really dramatic happens that's
different. If you stay on the controls, as M. Cox
indicated, if you're on top of things and you put in
wheel to keep the airplane right side up, as the rudder
comes in, you would see a difference between the two.
But you wouldn't, it wouldn't be a startling
di ff erence.

MR.  LAYNOR Well, conversely, if you get the
sanme speed, you have to pass through the speed range at
sonme point in tinme, anyhow.

THE W TNESS: Ri ght .

MR,  LAYNOR Wth the higher flap setting,
can you explain again what the aerodynamc
characteristics are that produce a higher lateral
control aut hority?

THE W TNESS: Well, basically, it isn't as
much a change in the lateral as it is change in the
bl ow- down of the rudder. The faster you go, the nore,
the less rudder that you're able to get because of
bl ow down. And that's really what's determning, the

determining factor in this crossover point.
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MR.  LAYNOR But nmy point is, with flaps 5,
presumably, you pick up sonme additional nmargin at a
gi ven speed. And | am curious as to what the change in
|ateral control authority is.

THE W TNESS: Ckay. | under st and. Vell, the
primary change is with regard to the spoilers. You are
carrying nore |lift when you use flaps 5 than flaps 1.
You're flying generally slower. And the rolling nonent
that you can get out of spoiling that lift is greater,
and that's the difference between flaps 5 and flaps 1.

MR,  LAYNOR Al right. Thank vyou, sir.

CHAIRVAN HALL: M. Kerrigan, first let nme
thank you for your presence here today, and the work
you have obviously done.

And | certainly take note of your comments in
regard to the flight data recorders. It's been said
here many tines that all of the parties and the
agencies of the Federal Governnent involved in this
i nvestigation have expended thousands of nan hours,
literally mllions of dollars in an investigation, that
had that plane been equipped with the flight data
recorder with adequate, wth paraneters that
technol ogy, <current technology enables the recorder to

be equipped with, we would not be here today, in the
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Chairman's  opi ni on.

And it concerns ne that this fleet continues
to fly in this country without the technology that is
avai | abl e today. And on every occasion, |I'm going to
encourage, because | think it's nmy responsibility to do
so, the individuals that are in the position to make a
decision on that to proceed with the recomendation
that this agency has made or cone forward, at |east,
with sonme recomendation that would address this issue.

As you know, I'm not an engineer, and |'m not
going to refer to any of these charts or ask you any
t echni cal guesti ons. I just want to ask you, have you
done everything you think, you know, you put together a
special roll team is there any information that the
Boeing Corporation has, that you have as the principal
engineer for this airplane, that the public needs to
know about, or the pilots that operate the airplane
need to know about?

THE W TNESS: | don't believe so. I think
as was pointed out vyesterday, all the information that
we have has flown very freely between all the parties.

CHAI RVAN HALL:  Very well. Vell, |

appreciate very nuch your testinony.
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Are there otherquestions?
(No response.)

CHAl RVAN  HALL: W appreciate your testinony,

and of course, | encourage you and, as | know you wll,
because you are, we net very early, right after | cane
out to Boeing after this accident. And | know you have

a nunber of individuals that have worked very hard on
t hi s. And let ne just ask, on behalf of the public,
that you continue your efforts, and that we continue to
pursue every avenue that could lead us to a probable
cause in this matter.

If there are no other questions, then, M.
Kerrigan, you are dism ssed.

(Wtness excused.)

CHAI RVAN  HALL: And we wll call on the Chief
Project Engineer for the Boeing Conmercial Airplane
Goup out of Seattle, Washington, M. Jean MGew. M.
MG ew?

(Wtness testinony continues on the next

page. |
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JEAN ALLEN M GREW
737 CH EF PRQIECT ENG NEER

BOEI NG COWMVERCI AL Al RPLANE  COVPANY

Wher eupon,

JEAN ALLEN M GREW
was called for exam nation and, having been duly sworn,
was examned and testified as follows:

MR.  SCHLEEDE: Pl ease give us your full name
and business address.

THE W TNESS: My name is Jean Allen MG ew.
My business address is the Boeing Comercial Airplane
Conmpany, Seattle, Washington, 98046.

MR.  SCHLEEDE: And what is your exact title,
wor king at Boeing?

THE W TNESS: I'"'m the 737 Chief Project
Engi neer.

MR.  SCHLEEDE: Wuld you give us a brief
description of your education and background?

THE W TNESS: I have a bachelor of science in
aeronautical engineering, and a naster of science in
appl i ed nmechanics.

MR.  SCHLEEDE: And how |ong have you worked

at Boeing, and generally what positions?
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THE W TNESS: Six years first as Chief
Engineer in structures, and then Chief Project Engineer
for the 737.

MR. SCHLEEDE: Thank you.

M. Phillips?

MR. PHILLI PS: Thank you.

Good norni ng.

THE W TNESS: Good norning

MR. PHI LLI PS: Prior to comng to Boeing,
what did you do?

THE W TNESS: | spent nmany years with
McDonnel | Dougl as, Working in Long Beach in transport
aircraft. I was involved in the design and devel opnent

of the MD-80 series, DC-10s, a nunber of other related

proj ect s.

MR. PHILLI PS: You were enployed as an
engi neer?

THE W TNESS: | was an engineer and a
manager .

MR PHI LLI PS: Ckay. Any particular area of
specialty, aerodynamics, structures?

THE WTNESS: Actually, | was a specialist ir
aero-elasticity and flutter, and taught such at the

University of Southern California.
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MR, PHI LLI PS: Ckay. Just a few things
t oday. First of all, I'd like to ask you a little nore
detail about your responsibilities at Boeing today.

For your 737 Project Engineer, what does that job
enconpass?

THE W TNESS: Effectively, that enconpasses
managi ng the technical aspects of the airplane, and the
support of the fleet. I"'m really an integrator in
making sure that the aircraft, or change to the
aircraft, work together and work properly the first
time. | have a very, very small staff. I'"m supported
by all the specialists as the need arises.

MR, PHI LLI PS: So do you currently hold
design responsibility for the 737 fleet?

THE W TNESS: For the current, the 300, 400
and 500s, | do. Not for the new generation.

MR.  PHI LLI PS: And in the area of continuing
ai rworthiness, such things as service bulletins,
service letters, you would coordinate that effort for
Boei ng?

THE WTNESS: No, actually that coordination
is done via the service engineering organization. And
| see, personally see those which are felt to be

necessary to be reviewed. Normally, they go through
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the various engineering disciplines for review

MR.  PHI LLI PS: Ckay. Did you hold the
position of Chief Project Engineer at the tinme of the
US Ar 427 accident?

THE W TNESS: Yes, | did.

MR.  PHI LLI PS: Ckay. And have you been
involved in the accident investigation?

THE W TNESS: Constantly.

MR.  PHI LLI PS: Ckay. Has it been a full tine
job, nostly?

THE W TNESS: Pretty much.

MR, PHI LLI PS: I'd like to talk for a few
m nutes about the FAA' s critical design review Are
you famliar wth that process?

THE W TNESS: Yes, | am

MR.  PHI LLI PS: And we've prepared an exhibit
9X-N, which is entitled Critical Design Review
Executive Summary. And wthout going into repetitive
detail of the CDR, which we've had testinony earlier
this week on, I'd like to ask specifically about this
exhi bit. Is it, it's ny understanding that this is an
executive summary. Was this prepared by FAA in this

form or is this a paraphrased version by Boeing?
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THE W TNESS: | frankly do not know It
| ooks like the executive review, but I have not | ooked
at that recently.

MR.  PHI LLI PS: The point I'd like to nmake is
that for technical reference, we have the, listed as
9X-A, we have the conplete report as a docunent. But
I'd like to refer to sone pages in this executive
summary, and if we need to cross check them we can
with the docunent.

THE W TNESS: Ckay.

MR. PHILLI PS: What was your participation in
the conception or inception of the CDR?

THE W TNESS: Only that when the requestor,
or not the request, the proposal cane in from the FAA
that they wished to carry it out, | collected a couple
of people to assist and lead in the team or work wth
the team | did not participate in any of their
nmeet i ngs.

MR. PHI LLI PS: Ckay. Were you consulted
prior to the formation of CDR concerning the potential
for CDR?

THE WTNESS: GCh, yes.

MR.  PHI LLIPS: Did you agree a CDR was an

appropriate process at the time, @and circunmstances?
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THE W TNESS: Vll, it wasn't high on ny Ilist
of favorite things to do. But | certainly agreed that
it was a necessary thing.

MR, PHILLI PS: And in supporting that
process, do you know how nany people you' ve provided?

THE W TNESS: I would guess we had probably
seven or eight, sonmething on that order, over the
period of the review, in and out. May have been nore.
Sonme people were there nearly full time with the team
O hers as on-call.

MR.  PHI LLI PS: And how did you identify those
people who participated?

THE W TNESS: That was based upon the
specialties that were needed to support the team itself
and their requirenents and requests.

MR.  PHI LLI PS: Ckay. Was there any
di scussion anong yourself and the FAA nanagenent
concerning the areas of study for the CDR?

THE WTNESS: No. | believe that that was
specified by the charter that the FAA put forward, and
as | recall, we did not question that.

MR.  PHI LLI PS: Ckay. In Exhibit 9X-N, slide
4, we don't have page nunbers, but on what's |abeled as

slide 4 on the lower left hand corner, could we put up
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-- Rick, do we have that viewgraph? W don't. Ckay,
no problem

W' ve got the exhibit. Ilt's entitled
Backgr ound. And the first bullet is the objective of
the review was to assess the continued operational
safety of the 737 flight control system and recomend
corrective action for any deficiencies discovered. In
formng that objective, why would you suspect the
flight control system would be the prior, or the
predom nant concern for that review? Ws that based on
the accident, the 427 accident?

THE W TNESS: | think so.

MR.  PHI LLI PS: Ckay. And the lateral and
directional control systens were specifically studied?

THE W TNESS: Yes.

MR.  PHI LLI PS: And then the last bullet,
Desi gn, Maintenance and Qperational Factors, do you
agree that those were all valid areas for a CDR at this
time?

THE W TNESS: Yes.

MR, PHI LLI PS: Going on to the next slide, on
page 5 of the sane exhibit, the team we heard earlier
testinony that the team was conposed of people outside

t he FAA Did you on any occasion get to neet wth any
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of these people?

THE W TNESS: Late in the CDR review, | net
several of them But not early, or through nost of it,
no.

MR, PHI LLI PS: Ckay. And then the next
bullet, it says, the team |ooked only at what failures
and malfunctions of the control system were physically
possi bl e, hazard assessnent. I"'d like to talk a few
m nutes about that, based on our earlier testinony.
Based on your experience, what would you consider to be
a hazard assessnent?

THE W TNESS: I think in this case it refers
to what we normally would call an FMEA, which is
failure nodes and effects analysis, qualitatively
formulated in ternms of the possible hazards that could
exist, in terms of the system and its perfornmance.

MR.  PHI LLI PS: Ckay. Is FMEA any different
than a hazard assessnent or a fault tree analysis?

THE W TNESS: I think a fault tree analysis
is considered a form of an FMEA And frankly, since |
don't use the word hazard analysis, or we don't
generally, | think that's the best definition | can

gi ve you.
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MR.  PHI LLI PS: Ckay. A failure analysis
would fit into the same category?

THE W TNESS: Yes.

MR, PHI LLI PS: On slide 6, the second bullet
says, conservative assunptions were used, or inplies
conservative assunptions were used in the process. The
second bullet says that assumed that normal flight
envel ope for <control position normally encountered
should consider the potential for full flight control
surface to fail or jam when at full Iimt deflection.
Do you agree that's a conservative assunption?

THE W TNESS: | agree that's a conservative
assunpti on.

MR, PHI LLI PS: Do you heve ay comment or
position on using that as a criteria for review of a
flight control systen?

THE W TNESS: When you say consider the
potential for a function, no, | agree that it is
reasonabl e.

MR, PHI LLI PS: Ckay. W' ve heard sone
di scussion this week about whether the definition of
normal |y encountered and specifically the FAA's CDR
team |eaders' concerns about defining that, what would

you define as normally encountered?
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THE W TNESS: My personal definition would be
control surface deflection that was used on a regular
basis, or up to that deflection was used on a regular
basis in normal operating conditions.

MR, PHI LLI PS: So if a full deflection was
possible, the flight control wouldn't normally be used
by your term nology, you wouldn't feel it would need to
be considered in this?

THE WTNESS: No, | didn't say that. I think
consideration needs to be given to all possibilities,
but it needs to be a very rational consideration.

MR, PHI LLI PS: Ckay. CGoing to the next to
last bullet on slide 6, we talk about continued safe
flight 1landing, which includes consideration of work
load strength, skill requirenents and maintaining
continuous control of the airplane. Using your
engineering judgnment, is consideration of pilots
workl oad strength and skill a normal concern for an
engi neer ?

THE WTNESS: Ch, | think so, yes.

MR, PHI LLI PS: And how would that be applied
to engineering judgnent or principles?

THE W TNESS: I think the engineer in the

design process needs to consider those elenments in his
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desi gn.

MR.  PHI LLI PS: Ckay. And the last bullet,
assuned worst case reaction of flight crew to
identified failures and nmalfunctions. How woul d you,
how would an engineer know what the worst case reaction
woul d be?

THE W TNESS: I think that would be presuned
to be just what it says it is, the worst possible thing
that could conceivably occur.

MR.  PHI LLI PS: Wuld that include sone input
from operational, from the pilot staff which would
define --

THE W TNESS: Sur e.

MR, PHI LLI PS: Ckay. On slide 8, where we
talk about the process, this is a continuation of the
process of the CDR team the second bullet says that
extensive flight sinmulator exercises were conducted.

Dd you participate in that or arrange for any of that?

THE WTNESS: No, | did not.

MR.  PHI LLI PS: Ckay. And then the third one

is reviewed the 737 flight control system failure

anal ysi s. Were you involved in any of that?
THE W TNESS: I was not involved in their
review of it, but | have |looked at it.
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MR.  PHI LLI PS: Along those lines, we heard
earlier testinmony that as a result of recomendations
that we're going to discuss later here in the CDR that
Boeing has provided a new failure analysis related to
the rudder control system Are you famliar wth that
effort?

THE W TNESS: | am

MR.  PHI LLI PS: Could you summarize that, give
us a history of its genesis?

THE W TNESS: It was a request, specific
request, from the FAA the ECO in Seattle. And we took
sone of the team that had been supporting the CDR and
they spent a goodly anount of time in preparing it, and
have submtted it.

MR.  PHI LLI PS: Have you seen the docunent?

THE W TNESS: I have seen it, and | have
reviewed it quickly, but | am not intimately famliar
with it.

MR, PHI LLI PS: Are you famliar with it
enough to know whether it discusses the probabilities
of failures of certain actions on that systenf

THE W TNESS: | believe that it does.

MR.  PHI LLI PS: Does it, do you recall or can

you tell us whether it makes any findings on the
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probability of failure of the directional systen?

THE W TNESS: I would be stretching that. |
believe that it does, but | would have to review it to
confirm the answer.

MR.  PHI LLI PS: Ckay. The process for the
FAA's review and feedback with Boeing on that, when do
you expect that to be conplete?

THE W TNESS: | frankly do not know what the
status of that review is. The current effort has been
with the CDR responses, and awaiting the return of that
submttal of data from the FAA

MR.  PHI LLI PS: Ckay. [»you have any general

feeling about, are we talking about two nonths or three

nont hs?

THE W TNESS: On the CDR?

MR.  PHI LLI PS: Ri ght .

THE W TNESS: My understanding, and that
comes from this hearing, is it's expected around the

end of Novenber.

MR, PHI LLI PS: Ckay. And Boeing's prepared
to support whatever needs to be done to --

THE W TNESS: Yes.

MR.  PHI LLI PS: -- nmeet that date?
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THE W TNESS: Yes.

MR, PHI LLI PS: Let's turn to slide 11, which
is the summary of recomendations. And | believe this
slide attenpts to encapsulize groups of
recommendat i ons. And one of the ones | want to start
with is the, | believe the area of inproved naintenance
of flight <control conponents and assenblies. Are you
aware of any significant findings by Boeing as a result
of the CDR teamls recommendations and your response
that would indicate inproved maintenance and flight
control conponents and assenblies as required, if there
any changes?

THE W TNESS: I'm familiar with a couple of
them in reviewing these before it was submtted. |
think in the wheel well area, there are sone concerns
with the washing procedures and cleaning procedures.
That's one specific one | recall.

MR.  PHI LLI PS: Ckay. Any ot hers?

THE W TNESS: None come to mind imediately.

I would have to review our submittal.

MR.  PHI LLI PS: Ckay. The nunber 5 on the
sane list is inproved surveillance of design,
manufacture and repair of replacement parts for flight

control conponents. This, | would assune, involves the
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recommendations for S-FAR-36 PMA approval s?

THE W TNESS: Yes.

MR, PHI LLI PS: Do you have any commrent on
that in regard to Boeing's position on that
recommendati on?

THE W TNESS: Boei ng supports it.

MR, PHI LLI PS: And do you recall the nature
of the recomendations?

THE W TNESS: Yes, | think | do.

MR.  PHI LLI PS: Could you briefly summarize
t hose recomendations?

THE W TNESS: I think the concern is with the
availability of data and material for some of the third
party shops, or agencies. And it is our feeling that
the process needs to be developed so that they have the
proper data so that they can acconplish that job. And
if they have not the proper tools or the proper data,
then they should not be working those units.

MR.  PHI LLI PS: Has Boeing nade any
determination that they don't have the proper tools or
data to do the job they're doing today?

THE W TNESS: I think no initial

det er m nati on.
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MR, PHI LLI PS: Ckay. So your statenent is,

t hough, you support the concept of the recomendation?

THE W TNESS: Yes.

MR, PHI LLI PS: |'"ve skipped sone of the other
ones. Are there any that 1've left out in the group
that you'd like to coment on as being significant in
your eyes?

THE W TNESS: Portions of item 2, | think are
significant.

MR.  PHI LLI PS: And that's enhance flight crew
training for response to failures in flight path upset?

THE W TNESS: That's right.

MR, PHI LLI PS: Wuld you like to conment
further on that?

THE WTNESS: No, | believe that that is an
area that needs attention.

MR.  PHI LLI PS: And the Boeing response wll
reflect that?

THE W TNESS: You say will it? Yes.

MR, PHI LLI PS: Yes, okay. How nuch
additional activity do you expect to support the
conclusion or resolution of these recomendations?

THE W TNESS: When you talk about all 27

recommendations, | find that very hard to estinate.

CAPI TAL H LL REPORTING | NC

(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2332

But if you talk about the 15 that we have responded to
i medi ately, | expect a return from the FAA and
probably a few nonths of continued work in those areas.

MR,  PHI LLI PS: Ckay. And the support of that
effort, does that carry over into your custoner support
function and your, other than engineering?

THE W TNESS: Yes. It would be both.

MR,  PHI LLI PS: I'd like to talk for just a
few noments now about the actions or the activities on
the 737 program since our |ast neeting, and
particularly since the accident. Have there been any
significant changes on the airplane since that tine?

THE W TNESS: There are no significant
changes put in production at point, but there are sone
significant things that have happened. vell, | take
t hat back. The PCU AD, which we heard yesterday, |

bel i eve, about, is being carried out and is sonething
on the order of | believe 75 percent conplete wthin
the fleet.

MR.  PHI LLI PS: Ckay, that's the servo valve
change?

THE W TNESS: That's right.

MR.  PHI LLI PS: Is there any other actions on

the servo valve or PCU contenplated at this tinme?
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THE W TNESS: Not by Boeing on the 737, no.

MR, PHI LLI PS: Ckay. No service bulletin or
service letter activity?

THE W TNESS: Wth respect to the PCU?

MR, PHI LLI PS: Wth respect to the PCU.

THE W TNESS: I don't know of any.

MR, PHI LLI PS: Ckay. How about the standby
rudder actuator?

THE W TNESS: W have an inprovenent program
in place on that. And it has been committed. And it
is, | can't give you a date as to when the first units
will be available, but they wll be comng.

MR, PHI LLI PS: Ckay, SO the engineering has
been conpleted and is the change inmm nent?

THE W TNESS: The engineering is not totally
conpl et e. It has been committed, however.

MR, PHI LLI PS: Ckay. Do you have any
know edge to whether the FAA is interested in naking
that change in airworthiness directive?

THE W TNESS: I have no certain know edge
about it. I would not suggest that it needs an AD.

But we wouldn't, we would not fight an AD on the issue,
ei t her. W believe that this change wll elimnate all

of the questions that sonme people have had wth respect
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to the interaction of the standby with the rudder PCU.
Testing surface wll bear that out. But it clearly
will elimnate the galling question.

MR, PHI LLI PS: Do you have any concerns that
galling is an issue in any of these discussions of
t hese accidents?

THE WTNESS: Not of these accidents. (Qops,
| et ne back up. I understand that the levels of
galling in the Colorado Springs incident, though | was
not intimtely involved in that investigation, and that
it was a significant anount of galling. M
understanding is, however, that that could not, was not
sufficient, particularly with that particular unit as
it was, to be involved in the incident. | have
absolutely no concerns about the anount of galling that
was found on 427, and we've all been, had every
possi ble involvenent in that accident.

MR, PHI LLI PS: Has Boeing done any testing to
confirm your position?

THE W TNESS: Not vyet. But | believe that
sonme of that is planned.

MR, PHI LLI PS: Ckay. Wuld you like to
discuss that a little bit? |Is that part of the
accident investigation activities that are planned?
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THE W TNESS: Yes, | believe were nutually
responding to the need for that testing.

MR.  PHI LLI PS: Ckay. And do we have an
approximate tinetable when we'll be able to get into
that testing?

THE W TNESS: Yes, we have an approxinate
ti metabl e. W have a schedul e.

MR. PHI LLIPS: Ckay, and give us a quarter of
the year, do you have any idea? End of this year?
First of next?

THE W TNESS: Barring some difficulties wth
our labor wunions in Seattle, which have slowed sone
things up, | think, | suspect that we will be in the
first quarter of next year, although I would Ilike,
certainly like to see it done before then.

MR.  PHI LLI PS: And so we're close to being
able to get that testing started. But it's your
expectation that that testing won't provide significant
new findings for the accident investigation, is that
true?

THE W TNESS: That's my expectation. But
when doing a test, one should reserve judgnent wuntil

the test is conpleted.

CAPI TAL H LL REPORTING | NC

(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

233¢

MR, PHI LLI PS: | agree.

Concerning the yaw danper system have there
been any engineering changes or any plan changes, or
are there any changes planned for the yaw danper system
in the 7377

THE W TNESS: Yes.

MR, PHI LLI PS: Could you describe those?

THE WTNESS: No. Because it is an
evaluation, a study at this point, in terns of what the
change should be. And the issue here is simlar to
that of the standby actuator in that the yaw danper, we
think, is not involve in either of these accidents in
any abnormal way. In the other event, we have had
enough incidents inflight wth respect to the yaw
danper hardovers, specifically, that we believe its
reliability should be significantly inproved. There
are several ways to do that. And we are |ooking at
t hose ways. And | do not have a schedule for that.

MR, PHI LLI PS: Do you consider the yaw danper
reliability or failures of the yaw danper a significant
safety of flight iten®

THE WTNESS: No, | do not.

MR, PHI LLI PS: Are you aware of any damaged

aircraft as a result of yaw danper failures?
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THE W TNESS: I"'m not aware of any danmaged
aircraft. | am aware of, |'m aware of sone cases of
injury to attendants before we put in this yaw danper
system The airplane, as you're well aware, is a very
stable airplane in the Dutch roll node, unlike nost jet
transports. So it needs not a yaw danper in order to
stabilize the aircraft. That yaw danper is effectively
a ride confort wunit which reduces the disturbances for
the confort of the passenger and the crew

MR.  PHI LLI PS: To the best of your know edge,
have any of these injuries been related to yaw danper
failures?

THE W TNESS: I don't know of any.

MR.  PHI LLI PS: Ckay. And along the lines of
the, | believe the critical design review team also
reconmended the yaw danper nodification, or at l|east a
concern --

THE W TNESS: In reliability, yes.

MR, PHI LLI PS: -- reliability. Is this
response partially in relationship to their concerns or
did this precede the CDR?

THE W TNESS: | can't say that it preceded

t he CDR But it was pretty close.
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MR. PHILLI PS: Ckay, so, are there any yaw
danper tests planned in the near future as part of this
acci dent investigation, or for Boeing's concerns?

THE W TNESS: No specific yaw danper tests.
But in the tests that we wll be doing, that we talked
about a nonent ago, they wll involve the yaw danper.

MR.  PHI LLI PS: Have you ever seen a yaw
danper failure or ever heard of a yaw danper failure
whi ch conmmands the rudder to nove nore than 3 degrees,
if a 3 degree yaw danper is installed?

THE WTNESS: No, Wwe have no data on it.

MR. PHI LLIPS: Ckay.

THE W TNESS: W have had a few cases where
data has been provided that appeared to show such a
case. But upon review, it was not the case.

MR, PHI LLI PS: Ckay. Wre you here for the
testinony of Ms. Anne Evans the first day?

THE W TNESS: Unh- hmm

MR, PHI LLI PS: And you're famliar with the
gui ck access recorder progranf

THE W TNESS: Yes.

MR PHI LLI PS: Do you support that effort?

THE WTNESS: GCh, absolutely.
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MR.  PHI LLI PS: Ckay.

THE W TNESS: In fact, | would like to see it
expanded to other flight control surfaces.

MR.  PHI LLI PS: Wuld you like to comrent on
that nore? W heard testinony that, | believe, that a
lot of the US. operators don't use QAR data. Woul d
you like to take it from there? O do you want a
guestion?

(Laughter.)

THE WTNESS: No, | don't care to address the
issue of U 'S. operators using QAR data. That's up to
t hem Some of our foreign custonmers do use them But
do, they use them for nmaintenance and reliability and
predi ction purposes. My conment about, | would like to
see them used in other areas is that such neasurenents
taken on a broad scale as these are done are simlar to
the neasurenments done by NASA on turbul ence over the
years, and provide data to the industry for what sone
of our design limts or considerations should be. So
when you talk about what sort of an anplitude or
authority limt we ought to be looking at on a control
surface for design, clearly these kinds of data wll

provide us the answers for rational design approaches.
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MR, PHI LLI PS: Does Boeing Engineering
currently have the capability to review QAR data and
analyze it?

THE WTNESS: Mmn | frankly don't know if
we can reduce it or not. W certainly do flight data
recorders.

MR.  PHI LLI PS: Ri ght .

THE W TNESS: I'"m sure, | suspect that we do.

MR, PHI LLI PS: Ckay. Is there any process
there to analyze trims and conponents, or using QAR
dat a?

THE W TNESS: Certainly. W can put QAR data
results into our data bases and use them to establish
trends in that sense.

MR PHI LLI PS: Ckay. In the program that M.
Evans described, are you famliar with the system
that's in place now, the events we're |ooking for?

THE W TNESS: Yes.

MR.  PHI LLI PS: Ckay. And there's been a
request to add control wheel position on the QAR?
Wuld you like to coment on that?

THE W TNESS: | think | just did.

MR, PHI LLI PS: Ckay. I"'m getting explained

to ne here.
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(Laughter.)
MR, PHI LLI PS: You're right, you did.
THE W TNESS: Thank vyou.

(Laughter.)

MR, PHI LLI PS: Mving on, I'd like to talk a

little bit about the wake vortex flight testing. Di d

you participate in that effort?

THE W TNESS: | clearly did in the effort.
was not present during the testing.

MR, PHI LLI PS: Were you responsible for
providing the setup and support for that?

THE W TNESS: Ri ght.

MR, PHI LLI PS: Can you tell ne how nany
people were involved on Boeing's behalf?

THE W TNESS: | can tell you precisely how

many were involved in the basic test itself. That was

sonmething on the order of 28.

But in terms of getting ready for it, and the

setting up of it and the negotiations and that,
frankly, was many nman nonths, involving quite sone
nunber of people, and a lot of phone calls with the
parties and yourselves. And several disappointnents,
frankly. W had hoped to get that test going nuch

sooner than we did. W had an airplane, at one point
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custoner was willing to let us use, a new airplane.
That fell apart, for good reasons. And so it was
becom ng a very agonizing program W wanted it to
happen, | think as much as everybody else did. And
thank God for U S. Ar comng through and providing
that airpl ane. O herwise, | think we'd be still
worrying about an airplane.

MR. PHILLIPS: As the Chairman stated, |
believe that --

CHAI RVAN  HALL.: W were going to order one at
that point, but --

THE W TNESS: W'd have sold it to you.

(Laughter.)

MR.  PHI LLI PS: But Boeing was in the process
of trying to acquire an aircraft for us when US Ar
provided the airplane to us?

THE W TNESS: Yes.

MR. PHILLIPS: And we had several starts and
stops, during that process, right?

THE W TNESS: Ri ght.

MR, PHI LLI PS: During that flight test, well,
first of all, 1'd like to ask, did you consider the
flight test effort, did it generate the kind of data

you expected or needed to do your work?
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THE W TNESS: | have to say yes. Time wll
tell on that. But, yes, |'m sure that it wll, or that
it has.

MR, PHI LLI PS: W' ve heard sone discussion

the last couple of days about directional versus

| ateral control. And specifically about certification
basis issues along the lines of, does the certification
basis guarantee that we have safe aircraft. Do you
have any general comments along those I|ines?

THE W TNESS: Very general, because | think
M. Kerrigan covered nost of them and others. Yes, |
think the certification basis does provide a safe
aircraft, certified at the basis as it is satisfied.
And | believe that the history of the airplane
substantiates that.

MR, PHI LLI PS: Ckay. Do you believe that a
nore stringent «certification basis, if it was applied
to the airplane today, would result in significant
design changes to the directional control systenf

THE WTNESS: No. | don't think that it
woul d. It would provide, it would require significant
nore paper and reports and analyses to be generated.
And it is possible that in that generation that

sonet hing could cone out. But | really don't think so.
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MR. PHI LLI PS: Ckay. Moving along to roll

events that's been discussed occasionally this week, |

understand that Boeing has put together a roll teanf

THE W TNESS: Yes.

MR. PHILLI PS: And could you tell wus what
that is?

THE W TNESS: Yes. Actually, 1 have a
presentation, would you like nme to do it at this point?

MR. PHILLI PS: If you d like to.

THE WTNESS: Al though | nust say that ny
t hunder has been all stolen.

(Laughter.)

MR. PHILLI PS: | believe we're talking about
Exhibit 9X-L?

THE W TNESS: Yes.

MR. PHI LLIPS: Ckay. M. MGew, as part of
this discussion, are you going to tell wus about the
formation of the team the foundation and things Iike
t hat ?

THE W TNESS: Yes. But apparently, 1'm the
only one with the viewgraphs.

(Slide shown.)

THE W TNESS: This roll team was started in,

actually we started considering it in late August. And
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it was established about the second week in Septenber,
and charged with a mssion which we'll show you here.

(Slide shown.)

THE W TNESS: We becane very concerned that
sone of our custonmers were having roll incidents, and
incidents that, the cause for which was not discernible
upon inspection and testing of the airplane. W
supported the custonmers wth service engineering and
engineering help to review this. But in a nunber of
cases, there were no faults found in the mechani cal
systens of the airplane. That is not a usual event.
And so we decided that the proper thing to do was
establish a team of specialists to review all aspects
of these roll events.

(Slide shown.)

THE W TNESS: And this is the team charter to
establish the root cause of the unexpected roll events
being experienced by the fleet, and the expected
deliverables were the probable root causes of them in
the supporting fleet and Boeing data. There were sone
other itens they were asked to do as well.

(Slide shown.)

THE W TNESS: As part of this exercise, we

have |ooked at sone of the RS, or ASRS, aviation safety
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reporting system data, to see if anything was out of
line greatly. And this chart describes anonalies over
the last, | believe, of roughly eight years. Let's

see, 1987 to the md-1995 period. And you can see that
color, that bar down there toward the bottom called
loss of aircraft control is the one that we were
concerned wth. In this case, we think that |oss of
aircraft control means an uncomanded or a perceived
uncommanded event in the aircraft.

(Slide shown.)

THE W TNESS: That bar is broken down into a
wi der  distribution. And you see the nunber one
candidate within that group of incidents, a total of
the whole of those is 297, it says aircraft wake
t ur bul ence. And it stands out rather far above severe
weat her  turbul ence.

(Slide shown.)

THE W TNESS: So what we did was with the
flight data recorder data that we had of a nunber of
events, we began a, and we began two things
effectively. One was reviewng all of the events
t hensel ves that we had data for at the tine. And the
other was starting back through another analysis of the

airplane systens in this case, particularly the roll or
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|ateral systens of the aircraft, seeking for failures
which we could show or the data would show were conmmon
cause or probable cause for these events. That went
on, the teamls charter was for four weeks. They
actually went, oh, about eight weeks. And sonewhere
around the sixth week or so, they started seeing a
pattern in the data. And at that tine, decided they
had found sonething significant and put the package
that you're going to see together.

Now, this precedes that, and these are Boeing
concl usi ons. And airplanes and all data other than the
date has been taken off. But we grouped that set of, |
believe it's seven events in recent wake turbulence
events, as wake turbulence events. W had a set of
previous data, as you can see, going back to earlier in
1995 and clear back to 1993, which we were very certain
were wake turbul ence events.

W also knew, of course, that a nunber of the
roll events that have occurred in service were caused
by normal nmechanical wearing out, and/or related
reasons. And those we put in a known equipnent faults
cat egory. And we had a few operational events where we
understood, or think we understand, the event. And we

grouped those in the known operational events.
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There are a nunber of events that they're
still working on now, and wll decide upon as tinme goes
on. Next chart, please.

MR,  PHI LLI PS: Jean, before we go on, could I
ask about this list, if we have any of the blue water
events included in there?

THE W TNESS: Yes. The blue water events are
all in there

MR.  PHI LLI PS: Ckay. Can you point to any of
them or pick them out? W don't need all of them but
just as an exanple.

THE W TNESS: Vell, let's see, 6/26. The
June 26th one is, and | believe -- the 18th? Ckay,
July 25th, then.

MR.  PHI LLI PS: July 25th, nunber 13?

THE WTNESS: No, that can't be right, which
one?

MR PHI LLI PS: Nunmber 15, yaw danper?

THE WTNESS: No, it has to be in one of the
top ones, 18th, perhaps. Yes.

MR.  PHI LLI PS: Ei ght een August, nunber 15,

t hen.
THE W TNESS: July 18th. They nust be in the

first group there called recent wake turbulence events.
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MR, PHI LLI PS: Ckay, so --

THE W TNESS: They nust be nunber six and
nunber seven.

MR. PHI LLIPS: Ckay, so if | understand what
you're saying, then, there may be sone confusion, but |
guess we really can't say absolutely those are wake
turbul ence events?

THE W TNESS: Wll, we think they are. We're
going to show you why we think they are.

MR.  PHI LLI PS: Ckay, but this could be
subject to change with nore data?

THE W TNESS: Yes. And as you realize, John,
when Kerrigan was here, was questioning whether at

| east one of those events which is included in this is

i ndeed a wake turbul ence event. And |'m not here to
debate the subject. But we wll go back and review
t hem

What |'m going to do is show you why we think
it may be possible to discern or distinguish a roll
event caused by wake turbulence versus a nechanical
failure in the air frane itself, or some other induced
failure.

Yes?

CAPI TAL H LL REPORTING | NC

(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2350

CHAl RVAN HALL: M. MGew, you are aware,
are you not, that the NISB is investigating sone of
these incidents as part of the investigation, and I
believe we pulled the flight data recorders and --

THE W TNESS: Yes.

CHAl RVAN  HALL: VWre we aware of your
activity on this roll teanf

THE W TNESS: | think so, but I'm frankly not
sure. You were not a party of it

CHAI RVAN  HALL: Wre we aware, M. Haueter?

MR. HAUETER: Not wuntil the beginning of this
week, sir.

CHAl RVAN  HALL: Is this something, M.

McGew, you think we should have been aware of?

THE W TNESS: You should be made aware of it,
yes. This basically, though, | would view as the
normal investigation that we go through with a custoner
when a custonmer or custonmers are having a difficulty.
And we work together to try to resolve it. W do not
see --

CHAl RVAN  HALL: Wll, with the exception that
these, this work is related to a custoner concern that
probably, in some way grew out of the two accidents of

Col orado Springs and Pittsburgh, which the Board has
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been investigating, | would just ask that if you're
going to be doing work on the 737 that inpacts on this
investigation that you try to be sure M. Haueter and
the NTSB is aware of it. You can do what you want to,
but as a courtesy, and being sure that we can represent
to the public that everything is being done, | sure
woul d appreciate it if you could be sure that in the
future, that's just a request on ny part, that we're
not discussing itens from your perspective that we're
al so investigating ourselves.

Pl ease proceed.

THE W TNESS: Thank you.

Let's go on to the next chart, please

(Slide shown.)

THE W TNESS: What we're going to do now is
show you a sequence of flight data recorder traces that
have been placed on the charts, very specially so that
we could observe simlarities and differences in the
events. First one should be nunber 8, or 6. Yes, this
just is the guide for the charts. So if you'd nove to
nunber 6, please.

(Slide shown.)

THE W TNESS: I must tell you frankly that we

never considered this as part of an accident related
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event . W were looking purely for failure or the
reason for failures or the reason for events in

servi ce. And so what we did, and if you would slide it
up, Wwell, | guess you can. Yes, you need to slide it
up sone, Rick, that's fine.

What you're looking at here then is three
channels of flight data recorders taken from three
different events. The solid black line that you see is
nmeasured data from the wake flight test, the vortex
flight test that happened recently. The bottom green
line is data from a certification test of a hardover,
aileron hardover, in a 737-300. And the red line in
this chart is from an in-service unconmanded roll event
that an operator reported to us, and to the NITSB. As a
matter of fact, of course, we get the data from the
NTSB on these.

And there are sone signatures we need to | ook

at, and there are sonme explanations | need to make.
First of all, all of the airplanes, the events that
occurred here, did not roll in the sanme direction.
Sone were left and sone were right. So just for

conpari son purposes, we have plotted those, we have
turned over those which went this way and plotted them

that way so that you could see the characteristic shape
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and tine history. It doesn't destroy or nodify the
data in any way, but it does give us a way to conpare.
The speed, these are the speed traces in air speed.
Air speed varies significantly, but we've normalized it
SO we can see the perturbations of air speed as a
function of tinme. And down here, we have the normnal

| oad factor as neasured in the airplane, as a function
of time. And that is properly phased or properly
oriented, it's not been turned over as such.

Now, what we want to point out in this

particular chart is first of all that both -- no, let's
start with the autopilot hardover. That is the green
trace. You see that it is a relatively snmooth trace

without any large significant deviations, though there
are some snall ones. Both the black and the red trace
show that these, we're calling them speed bunps in
here, those are simlar to the speed bunps that were
seen in 427. So in that extent, we certainly are
related to the accident.

If we go down to this trace, where we're
looking at roll attitude, we see that the green trace
which is a hardover, and this was electronically
induced in the flight test, so that the aileron would

go to its full autopilot authority, and then the pilot
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woul d count four seconds, and then take control of the
ai rpl ane. These other events, the wake vortex, which
is what the wake vortex gave us in roll, and of course,
the unconmanded roll was that one. The other thing we
noticed down here, and we'll conme back to that in a
mnute, is that the green trace, which is the hardover
trace, shows very little activity in normal |oad
factor. There is out here, following the roll, of
course, sone increase as the aircraft banks and cones
out of the naneuver. Here there is sone significant
|oad factor for an activity. But out here in the roll
period, this area here, we see significant |oad factor,
the increnental |oad factor changes. Up here we see
that the roll from the hardover tends to be quite
linear in nature and then recovery, where those which
are the other rolls, tend to be convex and then nove
out and the pilot interacts at sonme point in here, and
they proceed on.

I rmust point out in all of these data that
we're going to show you here that the pilots took
timely and correct action in that they imediately took
command of the airplane when the event occurred and
maneuvered it out of that event in a good fashion. So

what we're going to do now is just go through a series
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of these and show you that we have, we think we have
developed a relatively good correlation between wake
turbul ence events and the dissimlarity wth nmechanical
failure events.

So if we could have the next one, please.

(Slide shown.)

THE W TNESS: | apologize to those who stayed
up late tonight, we nmay put you to sleep with this one.

Again, now, let's see, can we go back for
just a second to the one before?

To give you a feeling of the sensitivity of
this issue, the red one shown here was an event in July
26th, and the coment by the crew afterwards of that
event was, aircraft felt out of control, very nushy,
didn't think they could control the aircraft. So these
are significant events to the crew

(Slide shown.)

THE W TNESS: This next one again is the wake
flight test, an in-service uncommanded roll and the
autopi l ot  hardover. And you can see that the

signatures in load factor are extreme in ternms of

incremental load factor, and do not |ook anything Ilike
t he hardover case. W still have our speed bunps up at
the top in the flight speed. And we still have the
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characteristic convex shapes as we enter the events

t hemsel ves, which are different than the nechani cal

case.

(Slide shown.)

THE W TNESS: This event occurred on descent,
by the way.

This next event is a little different. Her e
we're making a sonewhat different conparison, if you'll
pull it down, please, Rick. Now we still have our
autopilot hardover roll. And we have our in-service
uncommanded roll. But we have put up in the black now

an in-service wake encounter which happened back in
1994, and was determined to be a wake encounter. And
we again see, we have the characteristic speed bunps,
and we have the characteristic roll-off at the start of
the roll, and we have significant load factor events at
the, near the peaks of the roll.

(Slide shown.)

THE W TNESS: This next one is another in-
service wake encounter, in black, which occurred in
1994. And we see its characteristic speed bunps. It
is conpared to the same in-service uncomanded roll as
we saw before, which was on descent. And we can see

the wake, or the in-service encounter here has a sanple
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rate which is lower than we had off the vortex testing,
but does have the sane general characteristics. And we
have the significant |oad factor perturbations, unlike
the nmechanical failure.

(Slide shown.)

THE W TNESS: W're back to the wake vortex
test conparison again, and an in-service event. In
this particular in-service event, which occurred on
approach in August of 1995, the comment was, the crew
were very startled by the roll rate. And again, you
can see the significant perturbations in l|oad factor as
the event occurs.

(Slide shown.)

THE W TNESS: The next event again conpares

the wake flight test and the autopilot hardover, and

the in-service condition happened on descent, in
August . And again, we see all of the significant
simlarities in the roll and the simlarities in the

| oad factor response and the significant speed bunps.
(Slide shown.)
THE W TNESS: In the next one, again we have
the wake flight test, an in-service case and the
aut opi | ot . In the in-service case, this was also a

descent . And this one, the pilot's conment was that it
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threw the flight attendant to the floor and scared the
flight crew, nore like a barrel roll. So it clearly
was a very significant roll event to the crew And
again, we see the simlarities that 1've been
descri bi ng.

So I won't go any further. There are a
nunber of the others in here. And |'m happy to see
everybody is still awake. But we think that several
t hings have come out of this. One is that we have
possibly or probably developed a process by which the
airplane can distinguish between an in-service event
that is caused by a failure and that which is caused by
the airplane going through sone significant wake
t ur bul ence. W think that can lead to maintenance of
aircraft or inmprovement of rmaintenance of aircraft and
not require aircraft to be on the ground for any length
of tine. W also think that this data indicates that
the crews are behaving well and properly in these
events, and that is something that we are very pleased
to see.

CHAl RVAN  HALL: I's our sound man out in the
hall? Just conme up here, Geg, and ask the question.

Ch, here he comes.
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MR, PHI LLI PS: I wanted to ask, thank you
very nuch for that description. I wanted to ask,
related to that description, are you working wth any
operators specifically to provide data to you as part
of this roll team event reporting?

THE W TNESS: Yes.

MR.  PHI LLI PS: Is it one or two or five?

THE W TNESS: Vll, it's been one
specifically, and several others know about it.

MR PHI LLI PS: Is there any effort to
continue this effort and coordinate it into a bigger
program with nore operators?

THE W TNESS: That is ny understanding.

MR.  PHI LLI PS: Ckay. Anot her request 1'd
like to make is that as this event summary evolves and
it's nodified, as we learn nore, the Safety Board would
like to be provided updates of this sumary.

I don't think | have anything else at this
time. M. Jacky does have a couple of questions. 1
pass it to him

MR JACKY: M. MGew, if | could ask you to
pl ease reference Exhibit 13X-L, please, page nunber 12.
This is again the recomendation that the NISB has

made to the FAA regarding additional flight data
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recorder paraneters added to the Boeing 737 airplanes.

THE W TNESS: | have it.

MR JACKY: Ckay. I was wondering if Boeing
has had any sort of reaction to this recomendation in
terns of service bulletins or anything?

THE W TNESS: Yes. Boei ng has devel oped two
service bulletins for retrofitting the 737 fleet, both
for the 100s and 200s, and -- 200s, | think. "' m not
sure about the 100s. And the 300s, 400s and 500s. And
there have been aircraft through sone of the
mai nt enance stations that have both validated and
incorporated those service bulletins in them So we
are supporting the effort.

MR JACKY: Are you aware of any discussion
within the Boeing Corporation of the addition of a
portion or portions of this recomendation?

THE W TNESS: Portion or portions?

MR JACKY: Specifically the rudder and
rudder pedal.

THE WTNESS: Oh. Yes.

MR JACKY: Have you done any sort of support
to either the FAA's ARAC conmittee or to the ATA in

regard to this recomendation?
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THE W TNESS: Yes, we have provided data.

MR, JACKY: Does the service bulletin,
bulletins that you have put out give any sort of
estimation as to the nunmber of man hours that it would
take to install these types of sensors?

THE W TNESS: Yes, they do.

MR JACKY: Ckay. W' ve had sone
conversation in the last couple days regarding a visit
to the TranCo Conpany regarding these types of tines,
or the tinme for the installation of these sensors. Do
you have any sort of conmment as to the conparison
between the tinmes listed in your service bulletins and
the times come up in the TranCo visit?

THE W TNESS: A conparison?

MR, JACKY: Yes. How did the nunbers that
were estimated during this TranCo visit conpare to the
service bulletin tinmes?

THE W TNESS: I do not know the answer to
t hat .

MR JACKY: Ckay. The airplane that was used
for the flight test, that was provided by US Ar, had
the addition of control wheel, control colum and
rudder pedal sensors added to the flight data recorder

on that airplane.
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THE W TNESS: Yes.

MR, JACKY: Do you know if -- let ne take
t hat back.

Do you know if the tines that it took to
install those sensors conpare to the times on the
service bulletin by Boeing?

THE WTNESS: No, | do not.

MR, JACKY: Is there sonme way that we could
be provided with those?

THE W TNESS: Yes, there is. And we'll so
not e.

MR JACKY: Ckay. And on the airplane that
is going to be used for sone of the future service, or
I"m sorry, the future systens tests, have there been
any sensor installations put onto that airplane as far
as rudder or rudder pedal?

THE W TNESS: | don't know what the status on
that is, since |I was off for a nonth. But there wll
be.

MR, JACKY: Ckay.

THE W TNESS: They will not |ikely be,

t hough, the service bulletin type installations.

MR, JACKY: That was ny next question, if

they're going to be just a tenporary type of
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installation --

THE W TNESS: Yes.

MR JACKY: -- or a -- okay.

Do you have any know edge about the proposed
paraneter list that would be included on the next
generation of 737 airplanes?

THE W TNESS: Yes, | have seen the lists.

MR JACKY: Ckay. Do you know if that |[ist
includes both input and output paraneters on the three
control posi tions?

THE W TNESS: Yes.

MR JACKY: Ckay. Do you know if the

paraneter list wll include rudder pedal force?

THE W TNESS: | should, but frankly, 1 would
have to go look it up to answer the question. so I'Il
say nho, | don't know at this point.

MR JACKY: Wuld there be any consideration

to do that, to add that paraneter?

THE W TNESS: I"'m sure there wll be.

MR JACKY: Ckay. I have no further
guesti ons.

CHAl RVAN  HALL: Very well. M. Haueter?

MR, HAUETER: Just a few.
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Going to the list of recent events involving
the 737, it's Exhibit 13X-C, you may not need it, but
the mpjority appear to be called yaw danper events.
One of ny questions is, are those due to a malfunction
back in the PCU portion of the yaw danper or in the yaw
danper coupler in the electronics bay?

THE W TNESS: I do not know specifically
wi thout going through and looking at it, or looking it
up. I can tell you that by and large, the coupler is,
or in our review in the last year, turns out to be
about 70 percent of the events. So | think I could
answer your question wthout | ooking.

MR. HAUETER: Ckay. And you' re taking
actions in terns of the coupler itself?

THE W TNESS: Yes.

MR. HAUETER: Sone of the other events
i nvolving uncommanded rolls, are you taking simlar
actions in terns of those events, from an engineering
st andpoi nt ?

THE W TNESS: Wll, we're looking at them to
see what the significance is and what's causing them
W did one interesting study, the roll team did one
additional, an interesting additional study, in that

they conpared the nunber of events attributed to the
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|ateral system to the nunber of failure events related
to the pitch system And since in the 737, the pitch
system and the lateral system are very, very simlar in
terms of actuators and actuation nechanisnms and so on,
one would expect a failure rate that was about the

sane.

Surprisingly enough, and this was a clue,
it's about four to one. In other words, there are four
nore lateral events associated with the system than
there are with the vertical systens. Yet they are the
sane. Their inplication is, what that set of nunbers
is what drove them to maybe there is sone other cause
to these events. And that led them into this wake
encounter scenari o.

MR. HAUETER: Ckay. In several of the events
we've |looked at, there's been the finding of blue water
in the EB or electronics bay of the aircraft.

THE W TNESS: Yes.

MR. HAUETER: Is Boeing taking any action
regarding trying to prevent fluid contamnation into
the electronics?

THE W TNESS: Yes. Boei ng has taken actions
over the years as the airplane has devel oped, and the

current configuration, as delivered today, is
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significantly nore protective than earlier versions of
t he airplane. And there are service bulletins out
there, available to the operators, that do bring up
airplanes that were not delivered in those
configurations to that standard or very nearly that

st andar d.

But I nust also tell you that in Boeing's
view today that blue ice events that we had do not
exhibit, or the conponents do not exhibit sufficient
conductivity to have been the cause of those events.
I"'m not sure if that's shared by all of the operators.

But we think that this is extrenely unlikely that blue
ice was involved in any of the electrical faults
associated, or that were thought to be associated wth
t hat .

MR. HAUETER: Yes, | was going to say, do you
have any data to support that finding?

THE W TNESS: Yes.

MR. HAUETER: Could you provide that to the
Boar d?

THE W TNESS: The answer is yes. Have we not
done that? Both. | mean, yes, we certainly can. The

guestion is, did we? No, we have not.
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MR HAUETER: Ckay, we'd like to have that,
in terms of the data you have on it.

Changing a bit, going to Exhibit 9X-A this
is on the critical design review team and once again |
can read it to you if you don't want to look it wup.

THE W TNESS: Ckay.

MR. HAUETER: On page 41, the prelude to
recommendation nunber 9, a lateral control, the team
says there are potential single failures and
conbi nations of latent and single failures that can
cause a hardover or jam of the rudder at its limt
defl ecti on. Wuld you agree with that statenent?

THE W TNESS: That a conbination could do

t hat ?

MR. HAUETER: It says single failures or a
conmbi nations, and conbinations, |'m sorry.

THE W TNESS: In a theoretical sense, | would

agree with that.

MR. HAUETER: Ckay. Do you have any ideas
what those events mght be in terns of theoretical
failures or conbinations thereof?

THE W TNESS: I think that they are all
listed in the CDR I think that what is mssing is the

conbination or the probabilities associated with those
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events happening, which is what drives us to whether
the situation or circunstances are satisfactory as is
or not.

MR. HAUETER: Ckay. | guess, the bottom of
reconmendati on nunber 9, where they said be proven by
probably the nobst rigorous nmeans possible.

THE W TNESS: Ri ght .

MR. HAUETER: How would you describe those
ri gorous means?

THE W TNESS: My understanding of it is, and
I'"'m not an expert in that part of the process, by any
neans, is that it is an analysis procedure which uses
verified data to establish the relative probabilities,
and that the fault tree is put together in a |ogical,
rational and correct fashion.

MR. HAUETER: Wuld you use test data besides
just anal yses?

THE W TNESS: Bot h

MR. HAUETER: Bot h?

THE W TNESS: Well, and experience data from
the service history of the airplane as well.

MR. HAUETER: Ckay, thank you, sir.

CHAl RVAN  HALL: No additional questions from

the technical panel?
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MR. HAUETER: Actually, 1 have one nore. |I'm
sorry.

CHAl RVAN  HALL: Go right ahead.

MR. HAUETER: I"'m sorry, let me go back one
nor e.

In your opinion, you' ve got nmny years, |
know, experience on the aircraft, | nean, not the

aircraft, but the aviation industry, when the 737 was
upgraded, if you will, to the -300 series, in your

opi nion, should they have changed the certification
basis of the aircraft and gone through it conpletely to
take a look at it, the sane as the 757-6007?

THE WTNESS: No. | think that those
deci sions have to be based upon the history of the
airplane and what the conpany can substantiate as its
satisfaction of the regulations and its safety by and
| ar ge. So | think that that should not be an automatic
consi derati on.

MR. HAUETER: You don't believe over a period
of years there should be an effort to bring all the
aircraft up to a simlar level of certification basis?

THE WTNESS: No, | don't. Not wunless, not
unless it is shown, the aircraft's experience shows, or

analysis and recurrent, regular re-evaluation of the
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airplane shows it is needed. If you -- 1 like
anal ogi es. If you buy a toy wagon for your child, and
it wears well and is still wusable and workable when

he's your age and has a child, should you go out and
refit it again? It's perfectly functional and works,
nothing wong with it.

MR, HAUETER: | guess, using your analogy,
woul dn't put airbags in cars nowadays.

THE W TNESS: I think now we get into the
arguing of this relative safety statistics of the
autormobile versus the airplane. And | think you'll
| ose.

MR. HAUETER: Vell, [|I'm just saying, the
technol ogy inproves, and we have the capability, why
not do it?

THE W TNESS: Because you base the doing on

the requirenments for additional safety.

MR. HAUETER: I think that was the reason
they put the airbags in. "Il stop now

THE W TNESS: | agree. There was a good
reason to put airbags in. There is a good reason.

MR. HAUETER: Thank you.
CHAl RVAN  HALL: Questions from the parties?
| see the hand of the FAA, the Air Line Pilots
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Association and the Boeing Commercial Airplane G oup.

M. Donner?

MR. DONNER: Just a couple, sir.

M. MGew, | believe earlier you stated that
a recommendation concerning enhanced flight crew
training on upsets was a significant reconmendation.
Do you know if Boeing has made any changes in their
training progranf

THE W TNESS: I think they have not yet nade
any changes in their training program

MR. DONNER: And then you also spoke about an
i mprovenent program on the standby PCU. Was that the
installation of roller bearings?

THE W TNESS: Yes.

MR. DONNER: Are there any other aspects of
that progranf?

THE W TNESS: Aspects? You nmean other
changes?

MR. DONNER: Any other changes?

THE W TNESS: Not that |1'm aware of, no.

MR. DONNER: I had one nore from someone at
nmy table on your use of the phrase nman nonths, and man

hours, but | won't ask you. Thank you very nuch.
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(Laughter.)

THE W TNESS: My apologies to the | ady.

CHAl RVAN  HALL: Capt ai n?

CAPTAI N LEGROW Thank you, M. Chairman.
Good afternoon, M. MGew

Just a couple of questions. First, M.
Hauet er asked about sone yaw danper events. |  wonder
if you could just briefly explain to us where the 737
gets its yaw danper input from

THE W TNESS: It conmes from its electronic
si gnal s.

CAPTAI N LEGROW Straight input, I'm
referring to.

THE W TNESS: You nmean straight input?

CAPTAIN LEGROWN Yes.

THE W TNESS: From a rate gyro in the
electronics bay.

CAPTAI N LEGROW Are you famliar with the
757, 767 and 777 yaw danpers?

THE WTNESS: No, |'m not.

CAPTAI N LEGROW So you couldn't speak to
where they get theirs?

THE WTNESS: No, | could not.
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CAPTAI N LEGROW Is it possible, or would it
be possible on the 737 to get it from the |RU?

THE W TNESS: | believe that it may be
possi bl e, yes.

CAPTAI N LEGROW Wuld that make it nore
stable, in your judgnent?

THE W TNESS: I can't say.

CAPTAIN LEGROW Wuld it nake it nore
reliabl e?

THE W TNESS: If it could be done, it
probably woul d.

CAPTAI N LEGROW On the Exhibit 9X-L, Ling,
is nmy understanding correct that this was an in-house
Boeing -- that's the roll team M. MGew

THE WTNESS: GCh, |'m sorry.

CAPTAI N LEGROW That was the in-house Boeing

proj ect?

THE W TNESS: Yes.

CAPTAI N LEGROW And none of the parties to
this investigation were invited to participate, is that
correct?

THE W TNESS: One of the parties did have a

participant, yes.
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CAPTAIN LEGRON  And who would that have
been?

THE W TNESS: From U S. Air.

CAPTAIN LEGROWN U.S. Air did participate in
t hat ?

THE W TNESS: Yes.

CAPTAI N LEGROW Just out of curiosity, why
weren't the other parties invited?

THE W TNESS: Because frankly, we didn't
consider this a 427 accident investigation issue. W
considered this as a fleet issue with roll events
occurring that we and the airlines could not explain.
And so it, frankly, it never entered anybody's mnd
that it was 427 accident related. It was an industry
push to find out what was going on.

CHAl RVAN  HALL: Captain, could I ask your
perm ssion to butt in?

CAPTAI N LEGROW Certainly, M. Chairman.

CHAl RVAN  HALL: Was the blue water anything
that would have been related to this investigation?

THE W TNESS: It is certainly sonething that
conceivably could be, yes.

CHAl RVAN  HALL: Wre we aware of that before

Monday of this week?
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THE W TNESS: The blue water?

CHAl RVAN  HALL: Ur n- hmm

THE W TNESS: I'"'m sure, vyes, certainly.

CHAI RVAN HALL: Wll, then, why weren't we
all participating on the work that was being done on
t hat ?

THE W TNESS: | guess, Chairman, first | nust
express ny apologies for not informing you earlier.
That was ny m st ake. And | should have done it. But |
must tell you that we probably won't tell you when we
change the brand of tires that we start putting on the
airplanes, either. And it probably --

CHAI RVAN HALL: M. MGew, | want to be as
pl easant and as straightforward as | can. I"m sure
you're concerned about the integrity and reputation of
the Boeing Commercial Airplane Goup, are you not?

THE W TNESS: | am

CHAl RVAN  HALL: I"m concerned about the
integrity of this investigation. And anything that is
going on or is going on at the Boeing Conmercial
Airplane Goup that nmay inpact this investigation, |
think the investigator in charge should be aware of,
and if it's appropriate, the parties should participate

in. This, any tine we get information right before a
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hearing on sonething significant like this, it concerns
nme nore from the standpoint of public perception than
anything el se. And that's ny responsibility, is to
ensure the integrity of this investigation. And |
intend to do that, and | just ask your cooperation in
doing that, sir.

THE W TNESS: Yes, sir.

CHAl RVAN  HALL: Pl ease proceed, Captain.

CAPTAI N LEGROW Thank you, M. Chairnan.

Along these sanme lines, M. MGew, did the
US Ar participant that participated in this roll
team know at the tine that he came out to Seattle that
that's what he was participating in?

THE W TNESS: Yes.

CAPTAI N LEGROW Ckay. Were you here for
Captain Cox's testinony yesterday afternoon?

THE WTNESS Yes, | was.

CAPTAI N LEGROW Wre you here when Captain
Cox testified that of all the pilots on US. Ar that
were involved in these types of upsets, that he
personally interviews, or one of his safety
investigators interviews, did you hear that testinony?

THE W TNESS: Yes, | heard that.
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CAPTAI N LEGROW Wuld it not have been
hel pful to contact the Air Line Pilots Association, the
likes of Captain Cox, at least on the US Ar
incidents, and |I'm assumng sone of these incidents
were US. Ar pilots, to get their perspective?

THE W TNESS: I think it would be.

CAPTAI N LEGROW Was there any attenpt from
Boeing to determne on these incidents that you
classify as wake turbulence incidents the proximty of
other airplanes to these airplanes during these events?

THE W TNESS: The team has tried to do that,
and is continuing to do so. The difficulty with that
is that the radar events, or radar tracking naterial
that you need to confirm this is not kept for a very
long period of tine. And it generally is the case that
by the tinme we get the flight data recorder or even the
notification of the event, that that material is not
avai |l abl e. But they are continuing to try to set up a
process to do that.

CAPTAI N LEGROW | suppose the FAA could help
you in that area by providing the radar plots?

THE W TNESS: Yes. And we've talked to them
I mght also suggest, M. LeGow that we at Boeing

have offered to the parties and to the NISB in the past
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to please send representatives at any tinme to come and
sit with us as we go through this investigation. W
woul d be happy to accommodate you.

CAPTAIN LECRON M. MGew, |'ve been the
coordinator of this accident since Septenber 8th of
|ast year, and | have received no such comunication
from Boeing Airplane Conpany.

THE W TNESS: Excuse me, M. LeGow, but I
made that sane statenent sitting at the stand back in
January.

CAPTAI N LEGROW There was testinony
yesterday from M. Berven, M. Carriker and Captain Cox
about the crossover on the 737. And | think nost of
the testing done in Atlantic Gty and in Seattle, we
were talking about 1 degree flap at 190 knots, or
t her eabout s. Is there any other flap settings that
you're aware of that are critical as far as the, or
crossover that is known, known air speeds?

THE W TNESS: I"'m not an expert by any nmeans.
But ny wunderstanding is there is a crossover for every
condi tion.

CAPTAI N LEGROW Could | refer you to Exhibit
13X-X, please?
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THE W TNESS: I think I my not have that.

CAPTAI N LEGROW Her e.

THE WTNESS: Al right, 1 have it.

CAPTAI N LEGROW This letter is dated
Septenmber 20th, 1991, to M. John dark of the Safety
Board, from M. Purvis of Boeing Conpany. And | would
reference the first paragraph, in which he talks about
a 10 degree flap setting at 150 knots. Are vyou
famliar with this letter?

THE W TNESS: Yes, | have seen this.

CAPTAI N LEGROW I just find it interesting
that we have not received any information in the, at
least that |'m aware of, during this investigation, and
this letter is dated 1991. Could you explain that to
us?

THE WTNESS: No. You have the letter.

CAPTAI N LEGROW Is there -- could you
briefly explain to us what the 737 uses to limt the
rudder at various air speeds?

THE W TNESS: Dynam c pressure.

CAPTAI N LEGROW And this is dependent upon
data, is this correct?

THE W TNESS: Yes, it's dependent on yaw ng,

or -- yes, side slip.
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CAPTAI N LEGROW If the rudder were limted

to zero beta, would there be sufficient lateral control

to stop the roll indicated by a fully deflected rudder?

THE W TNESS: | don't wunderstand limted by
zero beta.
CAPTAIN LEGROW If you could limt it to

zero beta, or zero beta val ues.

THE W TNESS: I'"'m sorry, | don't know how two

do that. So | can't answer your question.

CAPTAI N LEGROW You stated before you were
enployed with Boeing you were wth Douglas Airplane
Conpany?

THE W TNESS: Yes.

CAPTAIN LEGROW You worked on the NMD 807

THE W TNESS: Yes.

CAPTAI N LEGROW Are you famliar with the
MD-80 rudder limter?

THE W TNESS: | Bow that they have them
I"'m not famliar with the system itself.

CAPTAI N LEGROW Do you know if it uses a

bl ow-down, or does it have a nechanical limter?
THE W TNESS: | believe it has a nechani cal
limter. But | submt, M. LeGow that that is the

MD-80 and we are here on the 737s.
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CAPTAI N LEGROW | understand that, sir.

I have no further questions, M. Chairnman.

CHAl RVAN HALL: M. Purvis?

MR PURVI S: Thank you, M. Chairnan.

Good afternoon, M. MG ew

CHAIRVAN HALL: M. Purvis, if you want to go
last, US. Ar wuld Iike to ask a question. Wul d you

like them to --

MR.  PURVI S: Yes, | would like to go |ast,
pl ease.
CHAl RVAN  HALL: General ?
GENERAL ARVBTRONG Thank you, M. Chairnan.
| apologize for the | ateness. But | think there is

one issue that should be clarified for the record. And
that is that U S Ar was participating and providing
data on these events to Boeing and that we were
simul taneously providing that sane data to the NTSB.
Therefore, we presunmed that the NISB was well aware
that this activity was underway.

CHAl RVAN  HALL: Thank you very nuch, sir.
Appreciate that.

M. Purvis?

MR. PURVI S: Thank you, M. Chairman.
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First, by way of clarification, and | think
the General has just done sone of that, especially on
the first events, the NISB, the first of these roll
events, the NISB was heavily involved, and including
one of them was a blue ice event or blue water event,
which was the Olando event. And they had all the
material on that. And then subsequently, the data has
been provi ded.

For M. MGew, just one question. In a
nunber of the events that you showed through the
overhead projector, on wake encounters, do you recall
or do you know, did the crew perceive a higher roll
rate, or, sorry, higher rolls than those that were in
fact found from the flight data recorder?

THE W TNESS: Yes. That seens to be the
consistent pattern of perceiving that they're seeing
twice or better the roll rate that is actually, that
the aircraft is actually experiencing.

MR. PURVI S: That's the only question | have.
Thank you.

CHAl RVAN  HALL: Thank you.

Just before we cone to the front table, just
an administrative announcenent. Goviously we are not

going to be able to conclude this norning, or this
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afternoon, as it now is, this hearing. But we wll
conclude it today.

But | assune once we finish the questioning
of M. MGew, we wll at that point take a |unch
break, and then return for our final wtness and our
Wr ap- up. | assune, M. Haueter, we have this room
And whatever tine it takes to be sure that we
adequately do the public's business here and the
business of this investigation, we're going to do. But
we wll proceed with the questions for M. MGew from
the table, then take a lunch break and return.

M. dark?

MR CLARKE M. MGew, you talked earlier
about yaw danper failures, and | believe you said that
70 percent of the time we were looking at the coupler,
and 30 percent of the time we were |ooking at other
types of failures. Could you elaborate on that a
little bit, some of the problens that nay have cropped
up?

THE W TNESS: I think we discussed this at
the last hearing, as | recall. But the two other nore
common, or not conmon, but the two other failures are
that a T valve or the sinker or the solenoid associated

with energizing the yaw danper.
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MR, CLARK In sone of these incidents, we
see the yaw danper going hardover or behaving
erratically. And | see one of the pilots tal ked about
having a silent failure. I think that was Captain Cox.
O not a silent failure but a --

THE W TNESS: Passi ve.

MR, CLARK Passi ve. Yaw danper quit. Does
the -- what type of failure is normally associated when
a coupler fails? Is there any particular type? Is it
a passive failure? Does it quit? Does et go hardover,
become erratic?

THE W TNESS: | believe that the npbst conmon
failure is passive. And the reason | think that is
because when you look at the naintenance records
associated with yaw danper failures, there are far nore
mai nt enance records, or nore records related to repairs
than there events in service, you know, upsets and so
on, by a big factor.

MR CLARK Ckay. And for the T-valve type
failure, when the T-valve is the culprit, what kind of,
is that typically a passive failure or a creative
rudder notion?

THE W TNESS: | apol ogize, but | don't know

the answer to that.
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MR. CLARK: O the sol enoid?

THE W TNESS: The solenoid is, can be either
way, though.

MR, CLARK Ei t her?

THE W TNESS: Yes.

MR. CLARK: W' vet al ked sone about upgrading
the flight data recorders. And you said you had two
service bulletins. Is one for the earlier nodel
Boeings and one for the later?

THE W TNESS: Yes.

MR. CLARK: Are the people that devel oped
those service bulletins in your area, do you control
their work or is that in another area?

THE WTNESS: No, that's really in service
engi neering area. But they work with the people in the
project areas in the disciplines as well.

MR. CLARK: Ckay. If we were working wth
your service engineers or they were naking coments
about how much tine it took to inplement a certain fix
or a certain part of that, do they have the overall
picture of what it takes to effect a change, tinme-w se,
manpower - wi se?

THE W TNESS: Yes, and in nmany cases, and

this of course is one, we do what's called service
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bulletin wvalidation, which nmeans that the engineering
people, the service bulletin people and the service
engi neering people all go together and do the
incorporation, in this case with the help of a

nodi fication facility, so that they can actually track
several things, one of which of course is the tinme it
takes to do the job. And the other is, is the service
bulletin accurate and proper, is the engineering done
right, what corrections need to be nmade before we turn
it out to the industry.

MR CLARK Ckay. Some of the estimates for
the times that it takes to inplenment these service
bulletins, |I'm talking specifically the 737 urgent fix
that we've recomended, talked about certain tine
delays to work through the aft Ilavatory, aft Ilavatory
has to be renoved, or possibly alternate neans of
wiring around the aft [lavatory. Their estimates of
time in those areas would probably be pretty
reasonabl e?

THE W TNESS: I would hope so, though | nust
tell you frankly, over the years, it's been ny
experience that nost airlines wll tell us that they
have to double the tinmes that we tell them which is

one of the reasons we've gone to the validation
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process. So | have to accept their nunbers as good
nunbers.

MR CLARK Ckay. What is your understanding
about being able to acconplish these service bulletins
on overnights or on a series of overnights or on a
concurrently in a GC-check wthout adding a significant
amount of tine?

THE W TNESS: My understandi ng, based on
looking at the bulletins and talking to sonme people is
that it probably cannot be done in a basic C that it
would require sone additional tine. And | Dbelieve
that's a throughput problem in terms of sequencing work
in spacing.

MR. CLARK: We've heard estimates that it
takes two to three days to inplenment the service
bul l eti n. But would it take that in addition to a C
check if they were done concurrently in your
estimation?

THE W TNESS: I don't know the answer to
t hat . I'"'m sure we can get it for you, though.

MR. CLARK: There's been a lot of issues
raised on this flight test and crossover points and
what was known when. What actions has Boeing taken at

this time to address those issues that have cone up?
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THE W TNESS: W have been reviewng the
data, you saw that from M. Kerrigan. W have talked
to a nunber of people in terns of what the significance
of the issue is. But we haven't conme to any
concl usi ons. Qur basic position today is that the
airplane has proved its airworthiness over the years
and that this is probably not a significant item W
think that is absolutely not related to 427, the
sequence that 427 went through.

MR. CLARK: And since that, M. Dellicker's
work shows that there was a |arge rudder excursion.
You still think that that's a separate issue, other
than --

THE W TNESS: I think that, yes, there was a
| arge rudder input. But whether that totally

obstructed the control of the airplane and the

controllability of the airplane is still 1in question.
And the sinulator, which | believe you have flown, |
assune you have, indicates that that nmay be the case,

that at that condition, that event, that there was
sufficient wheel authority.
MR. CLARK: Well, from M. Dellicker's work,

then, if the rudder went to the blowdown limt --
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THE W TNESS: Ri ght.

MR CLARK -- you believe the sinmulator
today and the work going on with the flight test data
indicates that there is sufficient wheel to effect a
recovery?

THE W TNESS: Ri ght.

MR CLARK In the areas, | believe, where in
this case, we got blow at 190 knots, the indications
from the flight test is that with full wheel, the
airplane would continue to roll.

THE W TNESS: Bel ow 190 knots.

MR CLARK How does that fit wth vyour
scenario that you could effect a recovery?

THE W TNESS: My scenario won't be validated
or dis-validated until we do the upgrades that we need
to do and recalculate M. Dellicker's work wth these
dat a. They are dependent very nuch, as you know, upon
the vortex encounter and the strength of the vortex.
And the analytical renoval of that vortex, so that we
can get back to the basic control surface notions.

MR CLARK And part of that is to try to
back out the wake vortex effects and then |ook at the

basic flight control induced aerodynam cs?
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THE W TNESS: Ri ght . So that when you put
them all together, then, you have the maneuver that we
know the airplane went through.

MR, CLARK And this is all going to be done
within the investigation group that's, with M. Jacky?

THE W TNESS: Yes.

MR. CLARK: And frankly, you've seen him a
lot nore this last year than | have.

M. Berven raised an issue, there's been a
ot of discussion on the probability areas of highly
i mpr obabl e. And |'ve heard conments about, once in the
service life of an airplane. And then M. Berven
raised the issue that that doesn't quite fit. Do you
have any observations in that area, the 1 tines 10 to
the mnus 9. Wen is the 737 fleet going to reach that

m | estone?

THE W TNESS: I would argue the calculation.
I think | calculated it as 120 years. But |
understand the principle, and | agree with the
principle. Ten to the mnus 9 neans it's never going

to happen, or not ever supposed to happen.
MR CLARK It's never going to happen, and
you could go to a lower nunber and say that it would

never happen in the service life of an airplane.
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THE W TNESS: Yes, now you're getting into
sone statistical calculations.

MR CLARK Well, that's certainly not ny
area of expertise.

Ckay, | have no other questions. Thank you.

CHAl RMAN  HALL: M. Marx?

MR MARX: I rnust apologize if | mssed it
already, but | wanted to get your feeling about the,
whet her you think a stuck standby rudder would be an
unsafe condition?

THE WTNESS: No, | don't think so. Based on
the analyses that we've carried out, the authority or
the anplitude that that rudder would go to is of such
that, since it could be overconme by the pilot, that it
generally would not be considered an unsafe condition.

Now, | do, we do intend to test that, and we
will confirm that.

MR MARX: How would the pilot overcome?

THE W TNESS: Wth the pedals.

MR MARX: Pedal . Are you aware of the
testing that was done to substantiate anything that has
to do with w ndup or conpliance?

THE W TNESS: I know sonething about it, but

I am not intimately famliar with it. I know that it
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